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INTRODUCTION

This report describes a computational method for calculating supersonic

inviscid flow within an inlet using an extension of the SWINT code which is

described in References 1, 2 and 3. The SWINT code is designed to calculate . -

3-D external supersonic flow fields on a missile type configuration. It

marches a known nosetip flow field down the length of the missile body. The

computational domain is bounded on the inside by the body surface and on the

outside by the bow shock which is tracked. It is restricted to flow fields

which are supersonic everywhere and is specifically designed to treat thin

lifting surfaces. The points interior to the computational domain are

described using a weak conservation form of the Euler equations while a -

characteristic analysis is applied to determine the relations applicable at

the body fin or shock. The MacCormack explicit method is used to advance the

flow field.

The modifications to SWINT described in this report primarily consist of

replacing the shock relations with solid wall conditions. The computational

domain is now bounded along the lower and upper edges by the body and cowl

respectively. The inlet computation is started using the flow field at the

inlet face determined by the SWINT code. This flow field is re-grid at the

inlet face to exclude portions of the flow field outside the cowl using the

interface program COWLI which is also described in this report.

The extended SWINT code is only applicable to the supersonic portion of

the inlet and fails when the axial Mach number becomes less than unity.

Internal shocks are not tracked but instead captured by the numerical

scheme. The modified SWINT code is most applicable to cylindrical inlets (not

necessarily circular) since the left and right edges of the computational

domain are treated using either a symmetry or antisymmetry condition

7
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implemented in cylindrical coordinates. However, reflection boundary

conditions may be used to simulate planar walls that are aligned with the body

axis. This makes it possible, in principle, to treat certain non-cyclindrical

cases. Planar flows can also be approximated by using large body and cowl

radii. P

In the remainder of this report the extension of SWINT to handle inlets

is outlined and several test cases are presented. The interface program,

COWLI, is also described. This program calculates induced inlet drag,

recovery pressure and mass capture as well as rezoning the inlet face flow

field. Appendices A, B and C present a listing of COWLI, an update deck

listitig for converting the original SWINT to the extended version described in

this report, and user instructions for applying SWINT. A sample inlet run is

provided in Appendix D.

8
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MODIFICATIONS TO THE SWINT CODE

The major modification of SWINT involves implementation of surface -

boundary conditions at the outer edge of the computational domain. This

development parallels that for the body surface which is outlined in

References 1-3 and given in detail in Reference 4. For completeness the -

results and analysis are summarized here. The physical and computational

coordinates applicable to an inlet configuration are shown in Figures 1 and 2

respectively.

on the cowl surface (X - 1) the normal velocity component is zero which

implies:

u-Zw-(I)v 0 (1) _

This condition is supplemented with certain characteristic compatibility

relations associated with the Euler equations. It is found that there are

three independent characteristic relations which are admissible on X- 1.

These can be written as a system of quasi-linear first order partial

differential equations on X - I for advancing P - ln(p),V 4 - u(Z c)+ v and s.

The resulting relations are _.

_P LrIrx, X 8A (a(2a)
aZ ax j {pw[ k_ - (a7w+a 4v)] +p) ."-

where P.-V 4 + wXe + .G

(2b)

+ P[2 (T5Y Z + /T + 1 44 (T-95 Y-+

9
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a c (-Z) f~2 2 c
2_2 W2 v -[ +(

a I- zz Z y /Y7 Fz z z z

4 X_(2-V Kc1/p) c2 - + X/

- vcA/1 2 -Wz 1 A' *I

K, (icy ) - 1/t- p/h for a perfect gas)

8yy,8Y 9 g6  1y C -GJ/r

2 2 +'-2v -+(6c/-) +cw z0

A Iru + -- + X w

a a4 u + V/pv 3a

where
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,4.

V -

I  =V4  n2  0 ,n 3  4- , n4 -

asa B asa
z '

where B Yv + w
r z

Alternative expressions for p and v of (2b) and (3b) which often give

improved results are:

p P V+[cy + I +(Bw-Y)x1.L. (2c)
4 + 2zz Z 2yf + 72 z-ay

c a

pB (a5W + a3v)

6 - g6  T + 3(vfw)
6- c 7¥ z

where

*~~ 8 n c~/Y*

a 3  a [CIcy

f Z+YfX (bz -) f +c -b)
Tf 68 T + f -; T f f + 0C Co6 fX (- b) ;f7= X (-c b)

and
4

.~ 3 _ _ 4 y-iz) - - - (3c)".
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Many configurations of interest have sharp corners or edges such as those

found on biconics and other segmented shapes. If the upstream cowl surface

velocity normal to this edge is supersonic, either a shock wave or an

expansion fan will be attached to it producing a discontinuity in the surface

flow variables. To handle this situation, an oblique shock or Prandtly-Meyer

expansion is applied at the edge as is described in References 1 to 4. In the

interior these discontinuities are captured using the dissipative and

conservation properties of the interior point scheme. Analogous procedures

are applied on the body and fin surfaces.

1L
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COWL INTERFACE PROGRAM

The cowl interface program operates on the inlet face flow field -

generated by an external SWINT run. It is designed for cylindrical, but not

necessarily circular, inlets and rezones the flow field to lie within the

inlet. In addition, this program calculates recovery pressure throughout the S

inlet plane, average recovery pressure for the inlet plane and the flow -.

entering the inlet, mass captured by the inlet and induced forces. A listing

of this routine is provided in Appendix A and user instructions are outlined

in Appendix C.

The average inlet plane recovery pressure ratio, average inlet rec'- "y

pressure ratio and the mass captured by the inlet are determined from

Equations (4a), (4b) and (4c) respectively:

1 +1 r 'j' M21 y/(y-1)

(p/p) - -a C c-±,.)

(PPt/Pt ) ilet A I p P rdrd (4a)
J-ane P.ii i

00(pp ) /( f__ drd'(-i) 21 /(Y-') (b •:-i- .;
(P/t) Inlet= Pt A J o dd$(b

2w

j f pwrdrd4 (4c)

13
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where:
I

A I rdrdo, A - rdrd.

of I/ p 1

The induced forces are those produced by the action of pressure on the

stream surface which intersects the cowl lip. They can be directly determined

by storing the flow field upstream of the inlet face and tracking the stream

surface intersecting the cowl lip back through the flow field until it

intersects the bow shock. With the geometry of this stream surface known, the

surface pressure along it can be integrated to produce induced drag and

lift. For complicated bodies at incidence, the stream surface intersecting

the cowl may exhibit a very complex shape and this type of procedure is both

laborious and difficult to implement. An alternative approach is to balance

forces and moments acting in the control volume illustrated in Figure 3. Here

the induced forces are determined by performing integrations at the inlet face

plane. The resulting equations for axial, normal and yaw force are: .

I

Fa  [pw(w- W) + ]- p rdrdo (5a)

c

F f [rdrd (5b)

0
C

14
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F 2 f c pw [ -] rdrdf (5c)
0 c"

where u =- costu + sinv

v - sinfu + cos~v

Figure 4 indicates the sign convention for these forces. Although this

procedure is much simpler than the first approach described, the results must

be carefully scrutinized. There may be cases where the values of the

integrands-in (5) are the small differences between two large numbers. Both

. approaches have been tested on sample axisymmetric cases and results agree

within several percent. An additional check on the accuracy of this procedure

can be accomplished by comparing the force coefficients calculated by SWINT

with those of equation (5). Here the SWINT calculated force coefficients

correspond to those acting on the portion of the body forward of the inlet

plane, and equations (5) are integrated from the body to the shock. To adjust

for the assumption used in SWINT that the based pressure is p. , A must

be added to the drag force coefficient calculated by SWINT. Here A* is the

center body cross-sectional area at the inlet plane. The drag force

coefficients computed by these two different techniques generally agree to

within 2%. Discrepancies between the SWINT calculated normal and yaw force

and the results from (5b) and (5c) are greater, with errors of approximately

15% and 52 occuring on a cone at 5 incidence at Mach 2 and Mach 4

respectively. In order to provide a guide to the accuracy of the calculated

induced forces, the interface program COWLI computes this comparison for each

force component.

15
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RESULTS

The extended SWINT code has b n applied to a number of different

configurations, three of which are illustrated in this section. In each case,

measured surface pressures are compared to calculated values. The

computations were carried out using 19 points between the body and the cowl.

In the axisymmetric cases three circumferential planes were used, while in theL

other situations this number was increased to 13. The tested inlets were of

the mixed compression, asymmetric type with a translating center-body. All

cases feature boundary layer bleed and/or slots to reduce the thickness of the

boundary layer. .

The first inlet considered is described in Reference 5 and results, along

with a sketch of the inlet, are shown in Figure 5. This example features a

free-stream Mach number of 2.3, 00 incidence, boundary layer bleed and a

center body scoop upstream of the throat. The geometry was approximated using

a piece-wise continuous function generated from a tabular listing of the

centerbody and cowl profiles which was provided in Reference 6. Derivatives

were approximated using a central differencing of the surface locations

evaluated with the local computation step size, *Az. The scoop upstream of

the throat was simulated using the inlet option of SWINT which excludes from

the calculation that portion of the flow field entering the scoop.

Figure 6 illustrates a comparison between SWINT results and those

measured in Reference 6. This inlet, which is depicted in Figure 6, features

wall bleed, a free-stream Mach number of 2.5, and an incidence of 0'. The *w

body and cowl geometries are described using the cubic splines provided in

Reference 6.

16 .



.7I

NSWC TR 83-428

The final case considered is illustrated in Figure 7 and features an

inlet at Mach 3.3 and incidence of 30. The experimental data used for

comparison vas generated in Reference 7 and reported in Ref erences 7 and 8.

Results from the leeward and windward planes are compared with experiment.

The geometry description was generated from a tabular listing of the body and

cowl profiles. Central differencing was again used to generate needed body

and cowl derivatives._

The results shown in Figures 6, 7 and 8 are in reasonable agreement with

experiment.' However, the predicted location at which shocks strike the

centerbody or cowl is downstream of the measured one. This is to be expected

since the effective distance between the centerbody and the cowl is decreased

by the presence of the boundary layer.

In some of the calculated cases, it is possible to march through the

diffuser to the end of the inlet without encountering subsonic flow. In cases

where the throat Mach number is greater than unity, the exit conditions

determine the location of the terminal shock and, hence, subsonic regions in

the inlet. The marching method currently employed precludes application of

the downstream boundary conditions, and the resulting solution represents exit

conditions with sufficiently low pressure to permit supersonic flow throughout

the inlet.

17
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CONCLUDING REMARKS

The SWINT code has been extended to allow inviscid calculations to be

* performed on the supersonic portions of inlets. This procedure replaces the

* bow shock tracking procedure with solid surface boundary conditions. In

addition, an interface program has been developed which rezones the external

flow field upstream of the inlet face to include only that portion of the flow

field entering the inlet. The interface program also calculates forces, mass

captured by the inlet and average recovery pressure for the flow entering the

inlet. The external flow field upstream of the inlet can be determined with

either the original version of SWINT or the extended version described in this

report. The extended SWINT code is best suited for calculating cylindrical

inlets (not necessarily circular) and is restricted to geometries where the

inlet lip lies in a plane perpendicular to the missile axis. Comparisons

between calculation and experiment have been performed for several

axisymmetric, external compression inlets with boundary layer bleed. Computed

surface pressures are in reasonable agreement with experiment.

18
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COWL STATIC PRESSURE
fSt INLET, MACH - 2.30, ANGLE -0.0
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0.0 II
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z

FIGURE 5. COMPARISON OF MEASURED AND CALCULATED SURFACE PRESSURES.

EXPERIMENTAL DATA FROM REFERENCE 5
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FIGURE 5. CONTINUED
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COWL STATIC PRESSURE
FUKUDA INLET, MACH - 2.5, ANGLE - 0.0
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FIGURE 6. COMPARISON OF MEASURED AND CALCULATED SURFACE PRESSURES.
EXPERIMENTAL DATA FROM REFERENCE 6
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FUKUDA INLET, MACH - 2.5, ANGLE - 0.0
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FIGURE 6. CONTINUED
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COWL STATIC PRESSURE
PRESLEY INLET, MACH - 3.30, ANGLE - 3.0

BOW SHOCK

a- 3P

lp IIz
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z
FIGURE 7. COMPARISON OF MEASURED AND CALCULATED SURFACE PRESSURES.

EXPERIMENTAL DATA FROM REFERENCES 7 AND 8
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CENTERBODY STATIC PRESSURE
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FIGURE 7. CONTINUED
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NOMENCLATURE

a speed of sound

b(o,z) Location of the body surface
.0

c( ,z) Location of bow shock

c( .z) Location of cowl surface

h Enthalpy

Ho  Stagnation enthalpy

PIn (p)

p pressure

Pt recovery pressure

q Velocity vector

(r,*b,z) Cylindrical coordinates (see Figure 1)

s Entropy

(uv,w) Velocity components in cylindrical coordinates (see Figure 1)

31
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(X,Y,Z) Computational coordinates

&Z Computational marching step

p Density

Free stream conditions

32
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APPENDIX A. COWLI PROGRAM LISTING

IPROGRAM COWLINT INPUTuO4.OUTPUTuO4,TAPESsINPUT.TAPE60OUTPUT9 COWLINT 2
I TAPE3wSI2,TAPEl1) COwLINT 3

C ... THIS PROGRAM REZONES THE SHOCK LAYER AT THE INLET PLANE COWLINT 4
C TO INCLUDE ONLY THE FLOW ENTERING THE INLET. 1T CAN ALSO COWLINT S

5 C BE USED TO GENERATE A STARTING FLOW FOR EXTERNAL CALCULATIONS COWLINT 6
C DOWN STREAM4 OF TME INLET PLANE WHEN THE BOW SHOCK OR PORTIONS COWLINT 7
C Of THE BOW SHOCK ARE INSIDE THE INLET. COWLINT a
C INPUT: COWLINT 9
C TAPElI - SWINT RESTART TAPE AT INLET FACE COWLINT 10

10 C ONEW.SZNEW9BPHNCW - NEW BODY SHAPE AT INLET FACE. NEED NOT COWLINT 11
C ALWAYS BE SPECIFIED.ISEE IBODY DESCRIPTIO COWLINT 12
C CNEW.CZNEW*CPNNEW - SHAPE Of OUTER BOUNDARY. NEED NOT ALWAYS COWLINT 13
C HE SPECIFIED(SEE [COWL DESCRIPTIONI COWLINT 14
C ISODY -0 t FLOW AT INNER BOUNDARY IS NOT ALTERED. COWLINT is

is C ONEW,8ZNEW9BPHNEW NEED NOT BE SPECIFIED. COWLINT 16
C I : FLOW AT INNER BOUNDARY IS TURNED TANGENT TO COWLINT 17 --

C ThE SURFACE. ONEWBZNEW.BPHNEW MUST BE SPECIFIED. COWLINT 1s
C 2 : INNER BODY FLOW QUANITIES ARE PRESCRIBED ALONG COwLINT 19
C EACH N PLANE. ONEW9BZNEWOOPNNEW MUST BE SPECIFIED COWLINT 20

20 C ICOWL MUST BE EQUAL 0 AND 002 MUST BE PRESCRIBED. COWLINT 21
C ICOWL -0 t FLOW AT OUTER BOUNDARY IS NOT ALTERED. COWLINT 22
C CNEWCZNEW.CPHNEW MAY BE SPECIFIED* OTHERWISE COWLINT 23
C OLD VALUES ARE USED. COWLINT 24
C I I FLOW AT OUTER BOUNDARY TURNED TANGENT TO SURFACE COWL (NT 2s

25 C CNEWCZNEW AND CPHNEW MUST BE SPECIFIED. COWLINT 20
C 2 £ OUTER BOUNDARY IS A MACH CONE. CNEWtCPHNEW M4UST COWLINT 27
C BE SPECIFIED. CNEW MUST BE GREATER THEN C FOR ALL COWLINT 25
C PLANES. COWLINT 29
C AREA - REFERENCE AREA: DEFAULT IS BODY CROSSECTIONAL, AREA COWLINT 30

30 C AT THE INLET ENTRANCE PLANE. COWLI14T 31
C RCLUST - R DIRECTION CLUSTERING: DEFAULT IS UNIFORM MESH. COWLINT 32
C 002 - DISTANCE FROM COWL LIP TO STARTING PLANE. ONLY NEEDED COWLINT 33
C FOR IBODY=2. COWLINT 34
C IPRINT -0 SDO NOT PRINT FLOW FIELD. COWLIt4T 3S

3S C I PRINT FINAL FLOW FIELD. (DEFAULT) COWLINT 30
C 2 aPRINT ORIGINAL AND FINAL FLOW FIELD. COWLINT 37
C 3 :PRINT ORIGINAL9FINAL FLOW FIELD AND JUMP MESSAGE COWLINT 30
C OUTPUTs COWLINT 39
C TAPE3 -RESTART TAPE FOR SWINT COWLINT 40

40 COMMON NC.NCK.IPRINTPINF.DINF.PHI0,PI.RAD.Z.BZZGAMMA.HOT2.BNAX. CONSY 2
151 .52.C1 C2,CONVRPPTINFP COMST 3
I C(100).CZ4100),CP"I(100),R(25,100),DEZS.100).P(25.100).U(25.100). C014ST 4
1 V(25,100)qW525q100),PHIg1001 CONST S
2 ,BNEW(100).CNEW(100),DUNV(ZOI.DUNP(26),DUMOU(26).OUNWI26).DUND126) CONS? 6

4S 3 ,BZNEWIIO0).BPHNEW(100)tCZNEW(100)#CPMNEW(100)oROLD(2) COMST 7
4 IPTR(25.100).RCLUST(100),PHILEIO2) COMST 8
COMMON/RGASS/AA .HXqGX RG*55 2
REAL XMXNZ.MXZoNYLMZZ COWLINT 43
NAMELIST/INPUTSj'RNEW.SZNEWBPHNEWCNEW.CZNEWCPHNEW COWLINT 44

so 1 ,IOOY.ICOWL.AREFRCLUST.DOZIPRINT COWLINT 45
C..INITIALIZE DATA COWLINT 46

DO S M*192S COWLINT 47
('NE. (M)m-l. COWLINT 40
CNEW EM)Ur-I COWLINT 49

55 S CONTINUE COWLINT s0
002=0. COWLINT 51
IPRINT a 1 COWLINT S2
PTRTOT a 0.0 COWLINT 53
PTRINL a 0.0 COWLINT 54

6S AINL a0.0 COWLINT 55
AREAT a0.0 COWLINT 50
FADDA a0.0 COWLINT S?
FADON 0.0 COWLINT so
FADDY *0.0 COWLINT 59

Gs FADOATuO. COWL INT 0
FADONTuS * COWLINT 01
FADOYTw0. COWLINT 02
SUMIN~mO. COWLINT 63 -

ICOWL U1COWLINT 64
To BooDYrno COWL INT 65

AREF a 0.0 COWLINT 66
C COWLINT 07
C ..... READ FLOW FIELD COWLINT 08-
C COWLINT 09

7s READ(lIINCNC.ATTACKYAWACM.GAHMA.PlNF.DINF.PHIOK.Z, COWLINT 70
2 FN.FY.FA.MAMYMZFNZ.FYZ.FAZMEXZ.MYZ.NZZ, COWLINT 71
3 (PHI1(M)ICEM).CZ(M).CPHI(M),M.IMNCI COWLINT 72
4 . ((.)UNM.(.).(,IPNM.E.I COWLINT 73
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S M a 1.MC)qNmlNC) COWLINT 74
00IPEEOF(11))1000.25 COWLINT 75

C COWLINT ?6
2S CONTINUE COWLINT ??

DO 3 NUl.NC COWLINT ?a
RCLUSTdN)mfN-I.)/ENC-1.) COWLINT 79

as 3 CONTINUE COWLINT so
C COWLINT 0I
C ..... READ GEOMETRY DATA COWLINT 02

READ(ES.INPUTS) COWLINT 03
WAITE (0.INPUTS) COWLINT 04

90 P1 a 4.0 0 ATAN(I.01 COWLINT as
CONVRuI0O./PI COWLINT a&
ATWOuO. COWLINT a7
NP 2uNC *2 COWL INT as
NPI=NC*l COWLINT 09

95 00 10 Nu2.NPl COWLINT 90
PIEIL WM) wPH! EN4-1) COWLINT 91

10 CONTINUE COWLINT 92
PHILE1)uPHI El) COWLINT 93
PKIL EMP2) aPHI ENCI COWLINT 94

100 IPtASPHIO-2*P1).GT.I.E-06)GO TO 11 COWLINT 95
PHILMA) -PHI (2 COWLINT 96
PHILEMP2)82.*PI COWLINT 97

It CONTINUE COWLINT 90
C ..... COMPUTE REFERENCE AkCA COWLINT 99

105 00 4M a 1,NMC COWLINT 100
IMI w 0 COWLINT 101
INC - 2 COWLIhT 102
ATWO v ATWO * 0.25 * EPHIL(N.IMC)-PNIL(M-IMI1 RE1,M)ORE1,N)1 COWLINT 103

4 CONTINUE COWLINT 104
110 ATWO a ATWO * 2.0 * PI PHIO COWLINT 105L

2 CONTINUE COWLINT l0b
IF EAREF.EQ.0.0) AREFmATWO COWLINT 107

C..CALCULATE CONSTANTS COWLINT 100
6X-GAMMA COWLINT 109

115 NCNMINC-I COWLINT 110
RA~xPI/ISO. COWLINT III
ALP"AnATTACKORAD COWLINT 112
S4mSIN(ALPHA) COWLINT 113
VtNF=SQRT (GANNA*PINFi'OINF)*ACH COWLINT 114

120 YAWR a YAW * HAD COWLINT 115
WINF - VINF 0 COS4YAWR) 0 COSEALPHA) COWLINT 116
VIINF a VINF *COSEVAWR) * S4 COWLINT 117
V21NF a -VINF *SINIYAWR) COWLINT 116
PTINP v PINF*E1.0 *EGAMMA-1.0) / 2.0 *ACH.*2.0) *e GANMA/ COWLINT 119

125 1 (GAMMA-1.0)) COWLINT 120
HO=GAN4MAOPINF/'E GANNA-I.)*DINF).VINFOO2/2. C04LINT 121
CALL RGASEPINFOINFSINF) C0WLINT 122

C..PRINT FREE STREAM CONDITIONS COWL IPIT 123
WRITE(6.5000) ACHATTACKYAW.VINFPINFOINF.HOSINFPTIMF COWLINT 124

130 5000 FOANATEI1.X,38H******* FREE STREAM CONDITIONS 000****.0 COWLINT 125
1.ISX.I5HiNACH NUMBER FF15.?#/ COWLINT 126
2915XP15HANGLE OF ATTACKFIS.?,, COWLINT 127
3*15X,1SHYAW ANGLE *FI5.?v/ COWLINT 120
4#ISX91SHVINF PF15.7,/ COWLINT 129

135 591SX1SM5PINF 9PlS.70/ COWLINT 130
691SX915MOINF 9F15.7,, COWLINT 131
7o15X#15NNO 9FI5.7.# COWLINT 132
S*15X915HSINF 9FIS.?o/ COWLINT 133
9*I5X91SHPTINF 9FI5.?o///) COWLINT 134

140 C ..... PROBLEM SET UP COWLINT 135
WRITE(6,500I)NCMC.IUODYDDZ. ICOWL COWLINT 136
WRITE E6.5003) (N.RCLUST EN) .Nml NC) COWLINT 137

5003 FORMAT(6X9Z7N0*.mOO CLUSTERING 000**0/ COWLZNT 130
1 6X*1HNsX,1OMCLUSTERING*/ COWLINT 139

145 2 f21,15,P15.7)) COWLINT 140
WRITE E6s5005) COWLINT 141

S005 FORMAT(E///) COWLI#4T 142
5001 FORMATEIHO,5X93OM****9*. PROBLEM SET UP *******,i COWLINT 143 L -

I O151.15HNC else/ COWLI#4T 144
1SO 2 q15A.1SHMC else/ COWLINT 145

3 9ISK.15HIROOY else/ COWLINT 146
3 91SX#15H002 9FIO.59/ COWLIN* 147
4 9151,15HICOWL 0159///) COWLINT 140
HOT2u2.*hO COWLINT 149

155 El a PIMP DINF / WIMP COWLINT 1SO
E3 a 0.5 D INP 9 VINF*VINP 0 AREF COWLI#4T 151

C.....MAKE NEW GEOMETRY AXISYMETRIC If ONLY ONE VALUE IS GIVEN COWLINT 152--
DO "8-MCCOWL1INT 153

IF (CNEWEND.GT.0.)GO TO 7 COWLINT 154

CZNEWEM)aCZNEWEN-11 COWLINT 156
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CPNNEW (N) CPMNEW CM-i I COWLINT IS?
7 CONTINUE COWLINT 118

IF(SNEW(M).GT.0.)GO TO 6 COWLINT 1*9
165 SNEW(M~aSNEWIM-1) COWLINT 166

SZNEW (N) uBZNEW (N-I COWLINT 161
SPNNEW (MI aSPHNEW (N-1) COWLINT 162

6 CONTINUE COWLINT 163
C ........ USE TAPE READ GEOMETRY IF NO VALUE IS GIVEN COWLINT 164

170 00 8 M8191MC COWLINT 165
IF4SNEW(M) .LT.0.)SNEWRMIUR(I9M) COWLINT 166
IF(CNEW(M).GT.0.260 TO 6 CONLINT 167
CNEW (N~) COLN 168
CZNEW (NI UCZ (N) COWLINT 160

175 CPHNEW(MISCPMI(M) COWLINT 170
S CONTINUE COWILItT 171
WRITE(6,5002I (MSNEWIMISZNEW(MISPNNEW(MICNEW(N), COWLINT 172
ICZNEW (N) CPHNMW(N4) ,Mu)MC) COWLINT 173

S002 FORMAT E*009SX.29H000**** COWL GEOMETRY*e.oi COWLINT 174
ISO I SX,1NN,12X.INS,13X.2NSZ,11X.4NBpII,14X,1NC,13X,2"CZelIXS4CPI/ COWLINT 17S

2 (0 **IS96F15.711 COWLINT 176
C ..... PRINT ORIGINAL FLOW FIELD COWLINT 177 - -

IF(IPRINT.GT.1)WRITE(6*5006) COWLINT 176
S006 FORNAT(IM1.10XP19NORIGINAL FLOW FIELD) COWLINT 179

165 IF(IPRIMT.GT.1)CALL OUTPUT(ACII.ATTAC9,YAWI COWLINT 100
C COWLINT 161

CONLINT 162
C COWL INT 13
C ..... PRE-COWL FLOW FIELD, SHOCK IS OUTER SOUNORY COWLINT 164

190 CCOWLINT 165
DO 31 N a 1. NC COWLINT 166

IMO a I COWL INT 107
INC a 2 COWLINT 188
IFLAG a 0 COWLINT 169

195 C ........ LOCAL VALUES ARE CALCULATED COWLINT 190
C ... ..SOME ARE AREA WEIGHTED AND SUMNED COWLINT 191

DO 30 N a 1t NC COWLINT 192
AX = SQRTIGXOP(NgM)/DNM.M) COWLINT 193
ANACH v SQRTEU(N*MI**2.O V(NoMI@*Z.0 * W(111901*02.@3/AX COWLINT 194

260 PTR(NMI a PNM 0 (1.0 * GAMNA-1.SI/2.0 *COWLINT 195
I ANACH**2.0) 00 (GAMMAIEGANNA-1.0)) COWLINT 19%

INI a 1 COWLINT 197
INC x I COWLINT 196
IF (N .EG. 1) INI a 0 COWLINT 199

205 IF (N *EQ. NC) INC a 0 COWLINT 200
C ............WEIGHTING AREA FOR LOCAL POINT WITH ADJUSTMENTS COWLINT 201
C ............. FOR FIELD EDGES COWL INT 202

AREA a 0.2S 0 (PHILIM*INC)-PMILIM-IMII) * ((0.S*E(MNM)# COWLINT 203
I R(N*IMC.NII)'*#2.O 05RNI1N*(.)?26 COWLINT 264

210 AREAT a AREAT 6 AREA COWLINT 205
E2 a 01110NM * WMI* AREA COWLINT 206
VI a -U(M.M) 9 COS(PHI(M)) VINsM) * SINIPHI CM)I COWLINT 207
V? x U(N91MI * SIMPNIMI * VIN*M1 * COS(PHIIM)) COWLINT 206
FADOAT =FAODAT # (IFW(.) El - P(NpNI/DENPM) COWLINT 209

215 1 0w.) F? COWLINT 210
FADONT *FADONT * (VIMNF-VI) * E2 COWLINT 211
FADDYT aFADDYT * (V21NF-V2) 0 E2 COWLINT 212
PIRTOT a PIRTOT * PTRINvM) 0 AREA COWLINT 213
IFIR(M#M).LE.CNEW()0 TO 29 COWLINT 214

220 C..ELEMENT INTERSECTED BY COWL COWL INT 215
If IN *EQ. 11 00 TO 29 COWLINT 216

C ............CONDITION WHN INSIDE SPILLAGE REGION COWLINT 217
C ............. BUT NOT IN COWL VICINITY COWL INT 216

IF 1JFLAG ED. 1) GO TO 26 COWLINT 219
22S C ............SPILLAGE MOMENTUM ADDITION to OR - DEPENDING ON WHICH COWLINT 220

C ............. LOCAL POINT AREA THE COWL IS IN) COWLINT 221
AREAS a 0.25 * (PHIL(M*IMCf-P#41L(M-IMIII * (f0.S&(R(NM)* COWLINT 222

I R(N-191M))I0*2.0 - CNEW(MI002.0) COWL114T 223
NO a N COWLINT 224

230 IF (0.S*(NEN.M1*R(N-1.NII .61. CNEw(MII NS a N - I COWLINT 22S
EP w DINSM) * WfMS.MI * AREAS COWLINT 226
VI a -UlmNW.NI * COSIPHI(N)? * (NoolN) a SINIPNI(MII COWLINT 227
V2 a U(N8,M) 0 SIN(PHI(MII VINOM) COSiPHI (NI) COWLINT 228
FADDA a FADDA # I(WINF-W(NB9MI) # El -PINSMI/D)(04S.N COWLINT 229

235 1 W(NP9M)1 0 £2 COWLINT 230
F*ODN a FADON * (V1INF-VI) * £2 COWLINT 231
FADDY o FADDY # tV2INF-V2) 0 £2 COWLINT 232
SUMINM 0 SUMINH - D(Nes.M * W(NS.NI AREAS COwLINT 233
PTRINL a PTRINL - PTR(NSMI AREAS COWLINT 234

246 AIML a AINL - AREAS OLN 23
IFLAG e I COWL INT 236

C..........WHOLE LOCAL AREA MOMENTUM IS SUMMED COWLINT 237
C ....... OUTSIDE COWL COWLINT 236

26 CONTINUE COWLINT 239
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24S E2 a D(NM) 0 W(NoM) 0 AREA COWLINT 240
VI a -U(NqM) *COSIPHI(m)) *V(N,M) *SIN(PHI(N)) COWLINT 241
V2 a U(N.M) * SINIPHI(N)) *V(NMI COS(PHI(M)) COWLINT 242
FADDA a FADDA * ((IFWNN)* El -P(NoP)/DIN*M) COWLINT 243

/ #(N.MI) 0 E2 COWLINT 244
*250 FAODN m FADON * (VIINF-V11 E 2 COWLINT 245

FADDY a FADDY * (V2INF-V2) E 2 COWLINT 246 -

GO TO 30 COWLINT 247
C ..... INSIDE COWL COWLINT 248

29 SUMINM a SUMINM * D(NoM) * W(NM) *AREA COWLINT 249
255 PTRINL a PTRINL # PTR(NtM) * AREA COWLINT 250

AINL a AINL * AREA COWLINT 251
30 CONTINUE COW(LINT Z2

IF(R(NCoM).GT.CNEW(MI)GO TO 31 COWLINT 253
C ..... SHOCK INSIDE COWL COWLINT 254

260 AREAU.2S.(PHIL(M.INC)-PHIL(M-IMI)bO(CNEW(ND..2-R(NC.NIO.2) COWLINT 255
SUNINNzSUMNN.DINF*WINF*AREA COWLINT 256
PTRINL*PTRINL*PT INF*ARCA COWLINT 257
AINLuAINL*AREA COWLINT 256

31 CONTINUE COWLINT 259
26S C ..... TOTAL FORCES COWLINT 260

FADDATaFADDAT*2.*PI /PHIO COWLINT 261
FADONTuFADONT*2.**P I/PNIO COWLINT 262
IFIABSPHIO-2..Pl).T.I.E-06)FADDYT=O. COWLINT 263
EF(AOS((PNIO-PI)O(PHIO-2.OPII ).GT.I.E-o6IFAOONTuo. COWLINT 264

270 FAAaFA*ATWOOPINF COWLINT 26S
ERRA. (FADDAT-FAA)/FAAOl00. COWL INT 266
ERRN3(FADDNT-FN)/SIGN(AMAX1(ABS(FN)I.E-08,,FNI.100. COWLINT 267
ERRY=(FADDYT-FYSIGNAMAIIABS(FY,1.-0)FYe00. COWLINT 266

C ..... INDUCED DRAG COWLINT 269
275 FADOA=FADDA*2.*PI/ IPMIO*E3) COWLINT 270L

FADDNUFADDN*2.*PI/ (PWIOOE3) COWLINT 271
FAODYsFAODY'E3 COWL INT 272
IFfABS(PHIO-2.OPII.GT.I.E-06)FAODYuO. COWLINT 273
IFIABS((PHIO-Pl)OIPHIO-2.OPI)).GT.1.E-06)FADDNUO. COWLINT 274

260 C ..... TOTAL PRESSURE RECOVERY DATA PRINTED COWLINT 275
PR a PTRTOT /' AREAT COWL INT 276
PRINL a PTRINL / AINL COWLINT 277
AREATUAREAT*?. OPI/PMIO COWLINT 276
AINLuAINL*2.*PI/PHIO COWLINT 279p

265 SUmINNUSUMINNO2.*PI/PHIO COWLINT 260
WRITE (602000) COWLINT 261

2066 FORMAT(34M1INLET PLANE FLOW FIELD PARAMETERS) COWLINT 262
PRINI.NaPRINL/PTINF COWLINT 263
PRR*PR/PT INF COWL INT 264

290 WRITE(692010)PRRPRINLRAREATAINLSUMIN~eFADDAERRA, COWLINT 265
I FADDNvERRN@FADDYgERRY*AREF COWLINT 266

2010 FORMAT(IHO#1OX,.4HSHOCK LAYER AVERAGE PRESSURE RECOVERY RATIO * COWLINT 267
1 FIS.7.i'. COWLINT 266
1 IOX94S" INLET AVERAGE PRESSURE RECOVERY RATIO 9FIS.7.., COWLINT 269

295 2 IOX94SH SHOCK LAYER CROSSECTIONAL AREA IFIS.7,,'. COWLINT 290
3 IOX94SM INLET ENTRANCE CROSSECTIONAL AREA OFIS.7., COWLINT 291
4 lOX#45H MASS CAPTURED BY THE INLET OF15.79/9 COWLINT 292
4 IOXs4SH ADDATIVE AXIAL FORCE COEFFICIENT 9FIS.Ts COWLINT 293
4 4X929H TOTAL DRAG ERROR OF10.404H 0O0O.. COWLINT 294

300 5 10A.45" ADDATIVE NORMAL FORCE COEFFICIENT OFIS.70 COWLINT 295
S 41929H TOTAL NORMAL FORCE ERROR OF1O.494H 0109/0 COWLINT 296
6 IOX94SM ADOATIVE YAW FORCE COEFFICIENT OFIS.?. COWLINT 297
6 4X*29M TOTAL YAW FORCE ERROR *FIO.494N 0/09/9 COWLINT 296
? lOXs45H REFERENCE AREA *FIS.7/1H1) COWLINT 299

30S D0 45 Mm1,NC COWL INT 300
C.......FREE STREAM FLOW FIELD VALUES ASSIGNED BEYOND SHOCK COWLINT 301

RQLI.(NC. 1) 2.*R (NC.N) -R (NCMI ,N) COWLINT 302
SINSINIPNZ (N?) COWLINT 303
CIECOSEPHI (MD) COWL INT 304

310 OU4P4NC~lIUPINF COWLINT 305
DUPD(NC*I~uDINF COWLINT 306
DUMU(NC.1 )z-VINF*S4*C1 COWLINT 307
04.1MW NC. Il vINFos4os1 COWLINT 306
DtNW(NC*)SSQRT(VINFOVZNF-DIJMU(NC.1**02-DUMV(NC.1)

0
02) COWLINT 309

315 DO S0 NvI.NC COWLINT 310
C ........... PRE-COWL FLOW FIELD STORED COWLINT 311

ROLD(N)SR(N9PD COWLINT 312
DUPPiNIGPINoND COWLINT 313
DUND N" 180 1 NMD4 COWLINT 314

326 DUMU(N)wUlN*Pl COWLINT 315
DUMY END V (N@0N COWLINT 316
DU040 (N) OW I N 9N) COWLINT 317

C ........... NEW COMPUTATIOAL. GRID INSIDE COWL COWLINT 316
R(NoN) a GNEW(01 (CNEW(NJ-SNCW(ND) * RCLUST(N? COWLINT 319

32S so CONTINUE COWLINT 320
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00 60 NZ1.NC COWLINT 321
DO 65 Jul ,NC COWLINI 322

C .... ... DETERMINE IF RENM) IS INSIDE OLD SHOCK COWLINT 323

Ift(Rf(NM)-ROLOJ))(RNM)ROLDEJ#I).Gl.0.)SO TO 69 COWLINT 324 0
330 JJwJ COWL IN? 32S

GO TO 70 C0OWLZNT 326

6S CONTINUE CONLINT 32?
C ........... OUTSIDE OLD SHOCK# FREE STREAM IF) VALUES GIVEN TO R(NvM) COWLINT 326

P (NoM) PINF COWLINT 329

33S DEN#M.-DINF COWLINT 330
U(N*M)a-VINF*S4&C1 COWLINT 331

V(NN)aVINFS4*S1 COWLINT 332

W(NoMSaQRTEVINF*VINFUENM)2-V(NM)**21 COWLINT 333
GO TO 60 COWLINT 334

340 T0 CONTINUE COWLINT 33S

C.....o.......INSIDE OLD SMOCK, INTERPOLATED (1) VALUES GIVEN TO R(NM) COWLINT 336

JJIuJJ*) COWLINT 337
FAC=EINM)-ROLDEJJ))/IROLDEJJI)-ROLDEJJII COWLINT 336
U(NM).DUMUEJJ).EDUNUEJJI)-OUNU(JJ2)OFAC COWLINT 339

34S VEN.MNuDUMV(Jj).(OUNV(JJI)-DUM4V(JJIJOFAC COWLINT 340
P(N.M)SOU14PEJJ).EDUMP(JJ1D-DUMPEJJ))OFAC COWLINT 341
D(NN)NDUMDEjj).(D)UMDEJJU-DUMD.JJ) IOFAC COWLINT 342
WEN.MISSQRTEhOI2-P(NMIOGAMMA*2./( EGAMM4A-1.)@D(NM)I COWLINT 343

I U(NqN)*2-V(NqM)**2) COWLINT 344
350 60 CONTINUE COWLINT 349

IFI900Y.EQ.0)GO TO 41 COWLINT 346
C ........ BODY JUNP (VALID ONLY FOR AN UNSWEPT LEADING EDGE) COWLINT 347

BZO*EUEIM)-VE1.M)OSPMNEW(M)/BNEWEM))/W(1,M) COWLINT 348
DELBZw8ZO-8ZNEW (N) COWLINT 349

35S SIDE.ASINII./ACh) COWLINT 390
JFEASDELOZ).LE.1.E-06)GO TO 43 COWLINT 391
DEL8PvO. COWLINT 392
SIDE a 1. COWLINT 353

CALL JUM4PST(DELBPOELSZN,1,SNEW(N) ,BZNEWEM4) BPHNEW(MI .SlI COWLINT 3S4
360 u419M) a SIGN (UE1.MI. BZNEWCN)l COWLINT 395

IF(ISOOY.EQ.IDGO TO 41 COWLINT 356
C ..............UNIFORM4 FLOW FROM BODY TO SM4OCK COWLINT 351

43 CONTINUE COWLINT 396
CZNEW (N) TAN ESIDE.ATAN (BZNEW (MI)I COWLINT 39

36S CNEWEM)SBNEW(M4).ODZOECZNEW(M)SZNEW(m)) COWLIN'T 360
CPMNEW EN) BPNNEW EN) COWE4 N r 361
ZuZ*ODZ COWLINT 362
ICOWLsO COWL INT 363

DO 42 *Na2,NC COWLINT 364
370 REN.M4)uSNEW(N).(CNEWtM4)-BNEWEM))ORCLUSTEN) COWLINT 369

U(NMluUE1ON) COWLINT 366
V EN,0M OMV(1.) COWLINT 36?
WENoM)UW( 1,N) COWLINT 368
P(NoMISPE1.Nl) COWLINT 369

379, O(N*M).O(1.N) COWLINT 370
42 CONTINUE COWLINT 371
41 CONTINUE COWLINT 372

IF 41COWL AEO. 1) GO TO 44 COWLINT 373
C ........ COMPUTE CZ FOR MACH ZONE COWLINT 374

360 IF(ICOWL.EQ.2) COWLINT 379
I CZNEW(MbUEU(NCM)-CPNNEWEM)*V(NCM)/CNEW(M) COWLINT 376
2 .SQRT(GAMMA.P(N4CME/D(NCMi)I/W(NCM)1 COWL INT 377

GO TO *9 COWLINT 376

3S44 CONTINUE COWLINT 3799
36 C........*COWL JUMPEVALID ONLY FOR UNSWEPI LEADING EDGE) COWLINT 300

AZOuEU(NC.NIV(NCM)OCPNEW(M)'CNEWM),fW(NC.MI COWLINT 361
DELBZSBZO-CZNEW EM) COWLINT 362
IfiABSDELBZI.LE.I.E-6)60 TO 45 COWLINT 303
OELSPwO. COWLINT 344

390 SIDER-1. COWLINT 38S
CALL JUNPST(DELBP.OELOZ.M.NC.CNEW(M) .CZN#EWN) .CPI#EEWEM).SIDE) COWLINT 366
U(NC9Ml m SIGN EUENCM). CZNEWEM)l COWLINT 367

49 CONTINUE COWLINT 366
WRITE(3)NCM4CATTACK.YAWACNGAM4MA.PINF.DINFPHIOKZ COWLINT 369-

39S 1 *FN.FYFA,1XMK.YNZ.FNZ.FYZ.FAZ.MXZ.MYZ.M4ZZ COWLINT 396
2 ,EPMI(M),CNEWEM),*CZNEWEM),CPMNEW(MIMuI,MCI COWLINT 391
3 *EANM.EIVNM.E,)PNME.)M1M)N1NP COWLINT 392

C ..... PRINT FINAL FLOW FIELD DATA COWLINT 393
WRITEE6o9607) COWLINT 394

400 9007 FORMATE11910X*16HFINAL FLOW FIELD) COWLINT 39S
IFEIPRINT.GT*0)CALL OUTPUTEACM.ATTACKYAW) COWLINT 396
STOP- PROGRAM START" COWL INT 397

1600 CONTINUE COWLINT 396 4
STOP- TAPE READIN ERROR- COWL INT 399

401 END COWL INT 40
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SUBROUTINE OUTPUT (ACH9ATTACKYAW) OUTPUT 2
COMMON NCMCKIPRINTPINFDINFPNIOPIRAOZ.SZZGAMMAMOT.oMA, CONS? a
lSStl92CNRPIt CONS?

S125qo)W2qo~~IIo CONST

3 *BZNEW(100).SPMNEW(100),CZNEW(100ICPHNEWE100),ROLO(26) CONS? 7

C4; ,PR(5, 00)vRCLUSTl100)*PHIL(102 CONS?
CMON/RGASS/AA ,HXGX AGASS 2

10 WRITE (6.3000) ACMSATTACKYA O T
3000 FORMAT 4 MAC NO 91PE1S.795X9'ANGLE OF ATTACK IS*PIPE1S.795X9 OUTPUT 6

I * ANGLE OF SIDESLIP IS..1PEIS.T) OUTPUT 7
DO 100 Mm1,MC OUTPUT a
PHID-PHI IM)*CONVR OUTPUT 9

Is WRITE (6030101 MPNIO OUTPUT 10
3010 FORNAT40OPLANE*I49 ANGLE [S*F?.2* DEGREES*) OUTPUT 11

WRITE (6*3600) KZSNEW(M),OZNEW(M),SPHN4EW(M),9CNEW(MI, OUTPUT 12
I CZNEW(M),CPMNEWIM) OUTPUT 13

3600 FORMAT(/* STATION*94X*Z ISO1PEIS.T94X*S IS*lPEI5.794X*BZ IS* OUTPUT 14
20 1 IPE15.79,*BPHI ISO1PEIS.?X*AC IS*1PEl5.7*4X*CZ ISO1PEI5.?# OUTPUT is

1 4X9*CPNI ISO1PE1S.7) OUTPUT 16
WRITE (693700) OUTPUT 17

3700 FORMAT (/7A'R'12X'W'12X'U'12X'V'12A.P'10A'PTIPTO'SX'RMO'11A, OUTPUT 10
1 *S',121,@M*) OUTPUT 19

29 D0 90 NzINC OUTPUT 20
L&NC-N'1 OUTPUT 21
IF(P(LN).GT.0..AND.D(L.M).6T.0.) GO TO S0 OUTPUT 22
AMACH=S~uAINOEF OUTPUT 23
GO TO BS OUTPUT 24

30 so CALL RGAS(P(L9MlvO(L9M)9SX) OUTPUT 29
AMACH=SSRT(U(L)"*2.V(LM)"*2.W(Lm)"02)/AX OUTPUT 26

as CONTINUE OUTPUT 27
PTRL.P(LM)'(1...5'(GAMNA-1.)'AMACHN"2)"*(ANNA/(GAMA-1.l/PTINF OUTPUT 20

WRITE (693400) R(LN),W(LM),U(LN).V(LN),P(LN),PTRL, OUTPUT 29
3S 1 DIL*M)*SXoAMACH OUTPUT 30

3400 FORMAT(1P9EI3.41 OUTPUT 31
90 CONTINUE OUTPUT 32

100 CONTINUE OUTPUT 33
RETURN OUTPUT 34

40 END OUTPUT 35

ISUBROUTINE RGAS (PXRXSX) PeAS 2
COMMION/RGASS/AA .HX *GX RGASS 2

C SHORTENED VERSION OF AGAS TO COMPUTE ONLY PERFECT GAS PROPERTIES PGAS 4
C PAuPRESSURE RX-DENSITY S~wENTROPY PGAS 5

5 C NANENTHALPY AXzSOUND SPEED PGAS 6
SX a ALOG(PX) - GX * ALOG(RX) PGAS T
MXzPX/A'f(.*1./(6X-I.)) PGAS a
AX.SQRT (GXOPX/RX) PGAS 9 -
RETURN PGAS 10

10 END PGAS 11

I JUmPST 2
SUBROUTINE JUMPST(DBPDSZNSNNRRETAPSIPPOMI juMPST 3

C JUMPS? COMPUTES JUMPS CORRESPONDING To DISCONTINUITIES IN 8Z JUMPS? 4
C AND/OR IPHI FOR PERFECT GAS ONLY. JUMPS? S

5 C JUMPS? 6
COMMON NCMCKIPRINTPINF.OINFPNIOPIRAD,2,SZZGAMAMOT2.BM4AX, CONS? 2

ISI ,529C1,C29CONVRvPTINF* CONST 3
I C(100),CZ(100,oCPHI100),R2SIog),012S100),P(29l.),U(291 0 0). CONS? 4
1 V(2Sq100),W(25,I00)qP41(I100 CONS? 9

10 2 *SNEW(100),CNEW(1001,DUMV(26),DUMP(26,,DUMU(26).DUMW(26),OUMD(26) CONST 6
3 ,SZNEW(100I.SPHNEW(100).CZNEW(100),CPHNE.(100),ROLO(26) COMST 7
4 ,PTR(?5,I00),RCLUST(100),PMIL(102) COMST S
COMMON.'RGASS/AAMAeGA F16ASS z
DATA (INtTwlS) JUM4PS? 9

is VW a V(NNMSI JUM4PS? 10
PW a PINN.O) JUMPS? 1I
Ow m DINN*0NS) JUMPS? 12
VW WINNMS) JUMPS? 13

UWmU (NNNS) JUMPS? 14
20 CALL RGAS(PW9OWSWl JUMPST 19

ASvwEAXAX JUMPS? 16
PMIOmPMI MBI/AA JUMPS? 17
IF(IPRINT.EQ.3iWRITE 46,3100) MM, PNID, K, Z JUM4PS? is

3100 FORMAT IIH0,'JU04P IS CALLED FOR AT RADIAL POINT',14oSX@ JUMPS? 19
29 1 *PHI IS09F7.2,SX,'gc IS*914eSu,'Z ISOOIPEI9.6) JUMPST 20

IF(IPRINT.EG.31WR1TE (6.31101 JUMPS? 21
3110 FORNAT41M *301,*TME INPUT VARIABLES ARE AS FOLLOWS') JUMPST 22

IF(IPRINT.EQ.31WRITE (6.31201 PWOWUWVWvVWUSW9ASQW JUMPS? 23
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S TNETARwACOS(XNMP/iN#XNM*)) JUMPS? 53

CONS~a4OT2-QT*02 . juIPST 54

60QSQ=GSN**2 
jumPST 55

TMETARsACOS lASS IMMP/ (INP'ANM))) JUMPS? 54

TMETADUTMETARI'RAD JUMPS? 57

AMACHuSQRT (QSQ/ASQW) JUMPS? $a

If CAMM4SQ .GE. 1.0) GO T0 10 JUMPS? 59

45 C o* SUBSONIC CORNER FLOW (NO JUM4PS IN P.DSOQSO) 0* JUMPST 40

OSPBQSM JUMPS? 41

GO TO 110 JUMPS? 42

10 IF (QSM9POM AT. 90) GO T20jUMPS? 
63

C *** SUPERSONIC EXPANSION CORNER 0* JUMPS? 4

70 IF(IPAIN?.EQ.31WRIIE 16.3140) JU"PST 65

3140 FORMAT4IM o201.*SUPERSONIC EXPANSION CORNER WHERE*) JUMPS? 446

IF41PRIN?.EQ.3)WRITE (6.3150) THETAOAMACM*Q?.QSM JUMPST 67

31S0 FORMAT(IM ,22NMlETAAXACM*GTtQSM 91P4EIS.S) JUMPS? 48

CALL RGAS (PW9DW9DUNMY) JUMPST 69

75 ANGuASIN( 1./AMACtil JUMPS? 10

VPOVR&SQRT(ASQWVf(CONST2.*NX1ASQW)) JUNPST ?1

DELuTHEIAR/FLOAT (IN?) JUMPS? 72

DO 15 I1.,INT JUMPS? 13

CCU*. JUMPS? 74

so PNUOWPW JUMPS? 75

Dwomov JUMPS? 74

17 DPDALm-DW*QSQ*VPOVR JUMPS? 7?

DDOALuDPOAL/ASQW JUMPS? 78

COUCC*. JUM4PS? 79

as P~u. PWO.PW*CC'DELOOPDAL I/CD JUMPS? 80

OW. (DWO4DW*CC#DEL*DDDAL) /CO JUMPS? 81

CALL RGAS(PW#DW*DJMMY) JUMPS? 82 -

QSQuCONST-?.0MX JUMPS? 843.

ASQW.AX*AX .)JUMPS? 84

90 VPOVRUI ./SQR? (QSQ/ASQW-1.0 JUMPS? 66

CCUCD UPT 8

IF (CC *LT. 1.5) 60 TO I7 JUMPS? 87

15 CONTINUE JUMPS? 88

QSPmSQR? (QSQ) JUMPST 89

95 Go TO 100 JUMPS? 90

C *** SUPERSONIC COM4PRESSION CORNER *00 JUMPS? 91

20 COSTH2=IXNM4P/(INP*XNM4)1'@2 JUMPS? 92

LF(IPRItET.EQ.31WR11'E (693160) JUMPS? 93

3140 FORMA?(1H *20X**SUPERSONIC COMPRESSION CORNER WHERE*) JUMPS? 94

100 IF(IPRIN?.EQ.31WRITE (6,3150) TMETADAMACM*QT,OSM JUMPS? 95

C 0* (PERFECT GAS OBLIQUE SMOCK RELATIONS) *@JUMPS? 96

SINTH2wI1.-COSTHZ JUMPS? 91

AM4=AMMSQ**2 JUMPS? 98

AM2uAMMSQ JUMPS? 99

105 C.-( (AM42.2.)/AM2.GAMMA'5INTh2) JUMPS? 100

C3u-COSYM2/AM4 JUMPS? 101

C2.(2..AM2.1.)/AM*4..2S*(GAMM4A.1.)0*2*(OAMMA1./AM2)SI?)12 JUMPS? 10.2

DUMMuC1/3. JUMPS? 103

Au-C2.OUMMOC1 JUMPS? 104

110 S8aC3-(C2-2.*Cl**2/9.)*DUMM JUM4PST 105

DOUM=SQR? (A/3.) JUMPS? 106

DDUN1U2.*DDUM JUMPS? 107

TEST=-.5SS/ (DOUMO*3) JUMPS? 108

IF (TEST .GE. -1.0) GO TO 25 JUMPS? 109

115 IF(IPRINT.FQ.3)WRITE 469316S) JUMPS? 110

316S FORMAT (IN 92OX90NORM4AL SMOCK MODE IS USED*) JUMPS? III_

PWO=PW JUMPS? 112

T*AM2 JUMPS? 113

00 TO 4S JUMPS? 114

120 2S XX=ACOS(TEST)/3. JUMPS? 115

11.COS(X1) JUMPS? 116

X2mCOS(XX.2.*PI/3.) JUMPS? 117

X3sCOS (XX+4.'PI/3.) jumPST 118

IF IX1 ALT. X2) GO TO 30 JUMPS? 119

12S IDUMuXI JUMPS? 120

XluX2 JUMPS? 121 Jo

12*XDUM JUMPS? 122

30 IF (Al ALE. X3) G0 TO 3S JUMPS? 123

51.11 JUM4PS? 124

130 GO TO 40 JUMPS? 125

35 IF (13 ALE. X1 12.13 JUMPS? 126

S~u12 JUMPS? 127

40 SINTN20OOU"I@SA-OuMM JUMPS? 128

ANG=ASIN(SORT(SINTH2)) JUM4PS? 129

139 T*AM2*SINTH2 JUOPS? 130

IFtIPRINT.E@.3)WRZTE 46 *4007) SINTH2 JUMPS? 131

400? FORMAT (lOXt * SINM2 a*9 ', PE2S.14) JUM4PS? 132

45 GA2w2.0GAMMA/ (GAMMA-I.) JUMPS? 133

*D.(GANMA-1.)/2. JUMPS? 134

140 GE.OD.1. JUM4PS? 135

A-7



NSWC TR 83-428

G~uG/GOJUMPST 136

0:PWUP I ( GA2OT-1.1 /89) 
JUMPST 137

O0W (T (T09../GE)l JUMPST 138
OSPUOSW@SQRT(1.-(T-1.0)O(OAMN4AOT41.)/ITOANZ*GE**2)) JUMPST 139

145 CALL AGAS(PW.OMSW) JUMPST 140
ASQWmAX0AX JUMPST 141
IF (TEST .GE. -1.6) .0 TO 100 JUMPST 142
COWSTrnASGW/ (GAMM1A-i .6) ..*0QP002 JUMPST 143
PWmPW*SZNTH2 JUMPST 144

ISO IF (PV .S?. PWO) 0O TO ?S JUMPST 145
pouPWO JUMPST 146

?5 CALL ROAS(PWvOWSW) JUMPST 147
ASQWuAXOAX JUMPST 146
OSPw-SOAT (2.*(CONST-HX)) JUMPS? 149

155 100 D(NN#MBlmOW JUMPS? 150
Pl(tdWM) .PW JUMPST 151

110 AAIuQT/XT JUMPST 152
AA~uQSP*POl4f(DUlMONP) JUMPST 153
V (NN.MDJ uAA2* (XNP2OSJN*-XI4MPGSIP) -AA1*DBZ JUMPST 154

160 U(NNMS8)uABS(AAI*AT2.AA2O(XNM4P-XNP2)I JUMPS? 155
U (NNMS) mARS (AAI*DSP.AA2O (XNP2OETAM-XNMP

4
ETAP)) JUNPST 156

IF(IPRINT.EQ.3)WRITE (6931701 JUMPST 157
3170 FORMAT(1M 930X9*TNf OUTPUT VARIABLES ARE AS FOLLOWS*) JUMPST 15O

1FUIPRINT.EQ.3)uRITEfe,3i20)PWDWUUNNM,VNM).W(NNM8),SWv JU).PST 159
151 aw JUMPST 160

POHuANG JUMPST 161
RL.TURN JUMPST ib?
END JUMI'SY 163
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APPENDIX B. LISTING OF SWINT CHANGES

The modifications extending SWINT to handle inlets are given in CDC update

form in this section. The listing contains directive cards *DELETE, *INSERT

and *BEFORE which describe where changes are to be inserted. The directive cards

identify cards in SWINT using the right hand column designators provided in

Appendix B of Reference 2. The directive cards are interpreted as follows:

1. *DELETE DECK.n,DECK2.m . The cards in SWINT located between and including

DECK.n and DECK2.m are deleted. The cards in the update listing occurring between

this *DELETE card and the next directive card are inserted in place of the

deleted cards.

2. *INSERT DECK.m . The cards in the update listing lying between this

*INSERT card and the next directive are inserted following the card in the SWINT

deck with identifier DECK.m

3. *BEFORE DECK.n . The cards in the update listing lying between this

*BEFORE card and the next directive are inserted before the card in SWINT with

the identifier DECK.n

The listing provided in this section also contains *CALL NAME and *DECK cards.

At the location in SWINT where *CALL NAME is added, the labeled comnon NAME

* should appear. *DECK cards can be disregarded.

The update listing contains the three new subroutines COWL,COWLP and WALL2.

The functions of these subroutines are analogous to those of BODY,BODYP and WALL,
L

but apply to the cowl surface rather than the inner body surface.
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OIDENT COWLADO
I1 CCONST.S
*CONEC CCOwL

COM=O /CCOWL/
1 MS252 COIZS)o CPHII2S2. CPHIO(25)9 CPI4PHI(252, CPHPHO(25),
2 CZ(252. CZO(25)* CZPH142S2. CZPHIO(25S, CZZ(252. CZZO(252, COMMON CCOWL
3 C2N12S2, C3M(252, C4M(2S2. CSM(eS2, CdM12S)o ICOWL9 nw
4 ICOWOPT, IJNPKTC42S2. IJUMPC42S), IJUMPIC(2S) (ew
5 PZCORC42S2. SC(252,
* C313)9 C413)* C543)v C?132.
? PCY432, SCY(3), VOCY43). V2C(3)

OELETE CSWINT.4
2 ASQ(2O,2S2, 0E1120925.t

*INSERT CDOPT.5
* . ISWMODC9 ISWSMOC* MODIC

*0 SWINT.3
I TAPE3U5IZ, TAPE99 TAPE16, TAPEI?&512, TAPE2O, TAPE22=512
2 9 TAPE239 TAPE24)

*INSERT SWINT.10
CALL CCOWL
INSERT SW INT.31

IF (ICOWL .EQ. 1) CALL COWL (-I)
-INSERT SWINT.62

IF (ICOWL *EQ. 1) CALL WALL2 40, N, NP, MM, KN,
s CUP(1,NCM4)9 CUP429MC9N), CUP43,NCN))

*INSERT SWINT.92
IF (ICOWL ECQ. 12 GO TO 10

"INSERT SWINT.O06
IF (ICOWL *EQ. 1) CALL COWL (0)

*INSERT SWINT.110 
SBOTN WNIF (ICOWL *EQ. 1) GO TO 60 SBOTN WN

*INSERT SWINT.163
IF lICOWL .EQ. 02 60 TO 54

Co....AOVANCE COWL POINT.
CALL WALL2 11. N, MP, MN, KN, PZS, SZSv V2S)
CU(l.NCtM2 a 0.5 * (CU(1,MCN2 s CUP(lNCN) + DZ 0 PZS)
CUt2vNCMI a 0.5 ( CU(2.NCtN) # CUP(29NCoM2 # OZ * SZS)
CU139NC*N) a 0.5 *(CU(3,NC*N) * CUP(3,NCtN) * DZ * V2S)

54 CONTINUE
*INSERT SWINT.17I

IF (ICOUL .EQ. 1) GO TO 40
"DELETE SWINT.193

CALL JUMP ("t 12
*INSERT SWINI.196

00 48 N a I .mP2
IF IIJUNPCIM2 *EQ. 02 GO TO 40
IF (N .EQ. MP2O) GO TO 48
CALL COWLP fN, 1)

C ...OCOWL JUMP.
CALL JUNP (Me NC)

4W CONTINUE
*1 CORNEk.fv9
OLDCK COWL

SUBROUT INE COWL (JC2

C
C THIS ROUTINE COMPUTES THE COWL RADIUS AND DERIVATIVES AT ALL PHI
C PLANES FOR A GIVEN Z. COWLP IS THEN CALLED TO DETENMINE
C COMPLETION OF COWL. THE COWL RADIUS AND DERIVATIVES ARE STORED IN
C C(N).C/(m).FTC. OLD VALUES AT I - DZ ARE STORED IN CO(M2 CIO(M2,
C ETC.FOR ANY PLANE ON WHICh A JUMP UCCURSPNEW AND OLD VALUES ARE7
C STORED IN REVERSE ORDER.
C NOTE THAT Z IS ASSUMED TO dE INCREASING.
C SUBROUTINE MUST HE VALID ON FRINGE PLANES.

*CALL COODY
*CALL CCONST
*CALL CCOWL

DO SO Nu1,NP2 it-COWLADD.56 SUBROUTINE COWLC(n )
Ce..e@TRANSFER NEW VALUES TO OLD(nw

CO(NISC (MI
CZO(N2EaCZ(N2
CPMIO(N2UCPMI (M2
CPMPHOqMlsCPPiI (MI
CZPHIOIM2ECZPHI (N)
CZZO4IMCL(N)

C
C(M) a 0.0
CZ(N2 a 0.0
CPHI(N2 a 0.0
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CPIIPHI(MS - 0.0
CZPlil(ml - 0.0

C CZZIMS a 0.0 COWLADD. 73
C**INSERT DEFINITIONS OF Co Cl. CPSI1, CPNIPM19 CZPHI. AND CUZ BELOW. A

C SUBROUTINE COWL
C

CALL COWLP(NJC) (new)
S0 CONTINUE

RETURN
ENO

*DECK COvLP0
SUBROUTINE COWLP (No JCI

C
C COwLP COMPUTES COWL PARAMETERS AND CHECKS FOR COWL JUMP.

C INPUT - H - -PLANE NUMBER
C JC *0 CHECK( FOR JUMP AND COMPUTE COWL PARAMETERS

C JC s-1 COMPUTES COWL PARiAMETERS ONLY
C JC I R EVERSE NEW AND OLD COWL DESCRIPTION AND

C COMPUTES COWL PARAMETERS
C
*CALL CBODY
10CALL CCONST
*CALL CCOWL
*CALL CSTEPS
*CALL CXXYYZZ
C INITIALIZE JUMP AND INLET KEY

IF (JC) 1409 10o 80
C CHECK FOR A JUMP.

16 CONTINUE 
-

CZZC a CZZ(M) - YZM(M) * CZPSII(MS i YPHIM(M)
CZZOC a CZZO(Iq) - YZM(MS 0 CZPHI(MS / YPHIM~M)
TESTI a ANAI (AOS(CZZC), ABSiCkZOCSS
rESrl.A8S(Cz(I-CZO(MJ J-DZ*TESTI
TESTZ.AMAX1 (ABS (CZPHI (M) ,ABS(CZPSIIO(M) 55
TEST2.ABS(CPI(MS-CPSIIO(M) S-DZ'TLST2
IF(TESTI.GT.I.E-6)GO TO 30
IF(TEST2 *GE. i.E-6) 6O TO 30
I JUMPC (#I so
00 TO 140

C ..... JUMP OCCURS-CHECK FOR OVERIDL
36 CONTINUE

IJUNPC ("MI
LFfPMI(Ml.6E.PmfIZJ560 TO 80
IF(PHI(M).LE.P5411J)GU TO 80

C... O.NO JUMP
ICFL a I
IJUMPIC (MI .2 SUBROUTINE COWLP

IJUNPC (Nl (ew
60 TO 140 (e)..

Of CONTINUE
AKuCZ4(MS
CZtM)NCZO(MS
CZO (MS -ZN
XKmCPNI (M)
CPHI (MI uCPHIO(MS
CPHIO(N)sXK
XK.CZPMI (MS .
CZPNI (MS CIPSIIO(mS
CZPMID(MISAN
Ag~uCZZ (N)
CZZINI=CZZO(N)
CZZO (MS .AS
AXuCPIIPMI (MS
CPNPNI (MluCPNHO(MS
CP14PNOtM~s -

C .... oCONPUTE COWL SHAPE PARAMETERS

140 CONTINUE
CMUC (MS)
CZMOCZ (MS
PHIZN-YZm(N)/YPHIN (MS
CPOS a CPHI(MS / CM
CP0O2 a CPOS so 2
DUN a 1.6 # CZA *9 2
C2ZUOUN.CPO02
OUMI.(CPHPHI (Mi iCM-CP0821
0UM2(ICZZ(MS.CZPNI (MS*PMIZ)/DUM9
CUM30CZPMI (MS/CM
DUM4UDUM3-CZMOCPOB/C#4
CM(M)SSRT4C225
C3M(MS OUMI/YPSIIM(MS
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C4MIN)DUN4*PHIZODUNI
Cm IN)uCZPNI IN)/YPHININ)
CN N) OUM2*0UM SUBROUTINE COWLP
RETURN knew)END .

* INSERT O[C00[,16 .-

• CALL CCOWL
* INSERT DECODE.115

IF (ICOUL EQ. 01 60 TO 2006
C

* C...DECOOE COWL POINT.
C

U3 a CV(3,NCN)
SCM a CV 2NC.N)
SCEN) u SCm
TI a CZIN)
T2 a CPHI(N) / C(N)
T3 : I. * T2 ** 2
PM *EAP ICVI 1NCOM))
IF (CVI1,hCN) .GT. -600.0 *AND. CVIINCtN) LT. 700.0) GO TO 2002
WRITE 46 , 3457) N, PM
CALL SAVE

2008 CONTINUE SUBROUTINE DECODE
P(NC.N) = PM

CALL AGAS (PN, SCM, 6)
DINCM) U ON
ASO(NCOM) * AX * AX
QSQ a HOT2 - 2.0 0 HX
CDUNP = OSO * T3 - U3 0 U3
IF (COUMP *GE. 0.0) 60 TO 2003
CALL DNPSORT (6HOECOOE, So Zo Ks N, NC. COUMP)

2003 CONTINUE
UN a SORT (COUMP) - C2 (M)
W(NC#N) a WM
V(NC*N) a (U3 - TZ * TI 0 kM) - 73

U(NCvM) 8 TI * MN * T2 * V(NCM)
GO TO 9

2006 CONTINUE
•*INSERT DECODE.233

IF (ICOWL EQ. 1) 60 TO 100
*INSERT DECODE.236 .

II0 CONTINUE
*INSERT DECOE.246
34S1 FORMAT (IN!| * IN SUBROUTINE DECODE THE LOG OF PRESSURE ON PLANE-0

S 14, 0 ON THE COWL IS e* IPEIS.69 SX, *--- STOP --- o)

*INSERT EVAL.IS
*CALL CCOWL
*INSERT EVAL.29

IF (ICOUL EQ. 0) 60 TO 15
C3(KF) a C3MIN) 9
C4(KF) a C4MNN)
CSKF) a CS4NI)
CT(KF) CTN(N)

IS CONTINUE SUBROUTINE EVAL
* INSERT EVAL.i01

IF (N ,LT. NC ,OR. ICOWL *EQ. 0) GO TO 26
PCY4KF) a PNN
VOCY(KF) a VNN / WNN
SCYIKF) a SCIN)
V2C4KF) a VNN * CPHI(NI * UNM / C(N)

26 CONTINUE
*INSERT FIELO.IS
*CALL CCOWL
*CALL COECODE
*INSERT FIELO.74

BAmGA20.5
PTN m (1.0 * 0 * ACHo*2.0) I* -GA)
IF(ICOWL.E.0)0O TO 40
PTRTOT a 0.0L
AREAT m 0.0

C.*..PRESSURE RECOVERY CALCULATED
Cooo.uPTR IS LOCAL TOTAL PRESSURE RATIO
C..oePRESSURE RECOVERY a SUM (PTR * LOCAL AFFECTED AREA) / TOTAL AREA SUBROUTINE FIELD

O0 I1 N a 2. NP"
INI a 1
INC a I
IF ill-IDYAW)ON *EQ. 2) IMI a 0

IF ((I-IOYAWloN ,EO. NPI) INC a 0
00 110 N a 1 NC

AX a SORTIGANNA * PINtN)/04NoN))
ANACH a SGRT(U(N.N)*02.0 * VIN,)*,*2.0 N(N.N)°°2.0) / AX
PTR m PINM) 0 PTN f (1.0 * 0 * ANACN°O2)O*OA
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INC I
If (N .EQ. 1) INI 0
IF (N toQ. NC) INC 800
AREA u0.25 * fPNIfM*XNC)-PHZIN-IN3)) * Ei.5@IR(N.N)#

AREAT *AREAT # AREA
PTRTOT -PTATO1 PTO AREA

116 CONTINUE
I1I CONTINUE

PR a PTATOT /. AREAT
WRITE 169300S) PA

46 CONTINUE
*INSERT FIELD.84

PTAAXImOEF
0FIELO.SS SUBROUTINE FIEL'

PTRaP ~I* PTIN. .DOANACHO*2) **GA
*DtLETE FIELD.99
*DELETE FIELO.100

WRITE(6,34003L14(LN) .W(LN) ,U(LNI ,(L.N) .PILM) PIR,
I O(LvNlvSX9AMACNTR1,TZIvISX

*INSERT FIELD.114
PTRuXINOEF

*INSERT FIELO.118
PTANP(LNN)*PTMO( 1..GD'ANACH**2l *BGA

*DELETE FIELO.l?0
*DELETE FIELO.121

WRITE(6,3400)LRt(LNN) .W(L,0NI U(LNNM) ,V(L,1NI PILNN),
I PTR.O(L.NN1),SA.ANACNTHR(ICF.L).TNZ(ICF.LIIS(ICF.LI

*INSERT FIELD.129
3001 FORMAT (90e.OPRESSURE RECOVERY PTAVR/PTINF a *PF1O.5)
*DELETE FIELO.131
3460 rORNAYI* *.I2,1X,3E1PEII.4,1X),1PSEX1.4,11,141
ODELETE FIELD.136
*DLLETE FIELD.137
3700 FORMAT100 N *.61.IHR,1IX,1NW.11X,1IMU,11AXHV,10XIHPTA.sIPT/PTINV,

1 6X,3Hi'glO9X,1S,10A,1NN,101.2NTRoX,2NTZ,5X,2HIS)
*INS9RT FINAO.lS
*CALL CCOWL
*INSERT FINAD.07

IF (ICOWL *EQ. 11 CALL WALL? (09 N?, NP, N KNs
S CUP(1,NCN2)9 CUPI2,NC9N23, CUP(3,NC90N?))

*INSIEAT FINAO.11?
If (ICOWL *EQ. 11 6O TO 35

*INSERT FINAD.199 SUBROUTINE FINAD
IF lICOWL *EQ. 0) 60 TO 61
CALL WALL? 419 N?. NP, PH* I(N9 PS, SS, VS)
CUt1,NC90NZ) a 0.5 * 4CUfIINCN?) # CUP(1,NCN2) # PS 0 DZ)
CU(?,NC90NZ) a 0.6 & (CU(ZNtCN? CUP(?,NCgM21 # SS 0 OZ)
CU13*NC9M2) a O.S * (CU(3#NC9N?) *CUP(3,NCN2) * VS * OZ)

61 CONTINUE
*INSKHT FINAO.231

IF (ICOWL *EQ. 11 60 TO TO
OINSENT FRINGE.101
*CALL CCOWL
*BEFORE FRINGE.19

If fICOWL *EQ. 01 60 TO 93
CPHPmI(N1) a CPNPNIIN2 rSBOTIEFIG
CZ11NI) a CZZfN?)SUR TIEF NG
CZPHIINI) a CZPHl(M2)j
SCENI) a SCIN?)

93 CONTINUE
OINSENT INIT.6
*CALL CCOWL
*INSERT INIT.83

If (ICOWL *EQ. 0) 60 T0 42
SC(NJ a Sff
CU(INCN) = ALO (PINC.NI)
CU12,NCN) a SCENI
CU439NC*N) a VfNC9N) * U(NC9N) *CPHI(M) ,CIN)
60 TO 43

4a CONTINUE
*INSERT INIT.86 SUBROUTINE INIT

43 CONTINUE
*INSERT INIT.99

IJUNPCfN) 0
If IICOWOPT *EQ. 1) 00 TO 33

IjUNPIC4N) a 0
IjNPKIC(N) a S

00 TO 34
33 CONTINUE

IJUNPiINt) a 4
IJNPKTC(N) a 1
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34 COTINUE j-SUBROUTINE INIT
IISERT INLET.14
'CALL CCOWL
*DELETE INLET.70

WRITE (6: SU1OT0ECAL) SUBROUTINE INLET
CALL JUMP (Mo 1)

*INSERT INTE6.14

:CALL CCOWL
INSERT INTE6.112

C
IF (ICOWL *EQ. 0) 60 TO 1600

C
C ... INTEGRATE THE COWL PRESSURES.
C

DO 1325 1=196
SSF I)=..
SUMJ(I,1)w0.
SUMJ I1. 2) 30.

1326 CONTINUE

IF (IDYAW *EQ. 1$ 60 TO 1300
C tt' SIMPSOM"S RULE FOR SYMMETRY CASE tP1410.180) "

DO 1200 M=29.MC
CM4 a C (M)
CPHIS a CPNI(M) / CM
DUN *-2.0 * (P(NC9M) - PINF) 'CM 'PHIO 'TG4Muq)

SIMP *SINPNI IN)
COSP a COSP*EI M)
SF1 1) DUM4(COSP+CPMIB'SINP)
SF13) uOUM'CZ EM)
DUN 1.SF(3)*CM4
SF (2) .DUM1'COSP
IFEM.NE.3)6O TO 1125
SF111) u SUMJI1,1)
SF112) a SUMJ42,1)
SF113) a SUMJ(3911

1125 DO 1150 1=193
119 SUMJ(I,KI)=SUM4j(I*KI?.SFI1)

KI=3-KI
1200 CONTINUE

SF2f1 )x2.*(PfNCMP ) -PINF) 'C MPI )'PIZOTG4NEMP1) SUBROUTINE INTEG
SF2 I3) u-SF2 I1) 'Cl IMP 1
SF2 12) u-SF2 3) 'C IMPI)
00 1250 1=193
FII).0Y03'(4.'SUMJ(1,2),2.'SUMJ(I,1))-SSFEI).F(I)
IF IKI .EQ. 1) GO TO 1225

C ..... EVEN NUMBER OF POINTS-USE SIMPSONS RULE FROM Hal To MC.j
C APPROXIMATE THE LAST INTERIVAL USING TRAPEZOIDAL INTEGRATION.

FII.aF(I'DY3l.S'SFII)-SF1(I) ..5'52(I))
GO TO 1250

1225 FlI)uF(I).DYD3*(5F2lI)-SF1 II))
C ..... ODD NUMBER OF POINTS- APPLY SIMPSONS RULE DIRIECTLY.
1250 CONTINUE

GO TO 1600
C too SIMPSONNS RULE FOR NON-SYMMETRIC CASE IP1110.360) "
1300 CONTINUE

Klmi
o 1900 Mu2,MP1

CM a C(M)
CPNIB a CPMIIM) / CM
DUM.--(NC.M) -PINF) 'CM'PNIO'TG4MEN)
SINP a SINPHI EM)
COSP a COSPhI EM)
SF11) uDUM'ICOSP.CPHIBOSINP)
SF(1 a DUN *CZ(M)
DUN!1 a SF13) 'CM

SF12) a DUMX COSP
SF14) a DUN) SIMP
SF(S) uDUM' ICPIIIB'COSP-S IMP)
SF IS) DUM'*CM'CPNID
IFIM.NE.31OO TO 137S
DO 13S0 1.196
SF111) a SUMJfII)
SF241) a SFI1)

13S6 CONTINUE
1375 DO 1400 1.1.6
1400 SUMJlIqI.N)SUMJ(I.K1)#SF(I)

Ml .3-NI
1900 CONTINUE

DO 1929 1.1,6
FII)0030'l.SUNJ(I,2)'2.'SUM4JI1,1))-SSF(I)4f(I)
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C ... 04000 NUMBER Of POINTS-APPLY SIMPSONS RULE DIRECTLY.
IF (KI *EQ. 1) GO TO 152S

C ... d.EVEN NUMBER OF POINTS-APPLY SIM4PSON RULE FROM M-2 TO MP1 AND
C EXTEND TO MR3. USE TRAPEZOIDAL RULE TO SUBTRACT M02 TO 3 INTERVAL. SUBROUTINE INTEG

F(I~uF(I).DY03'(4.'SFIl ()-SF2(I)-2.'SF(I))
1525 CONTINUEj

C
1600 CONTINUE

*DELETE JUMP.2 
_

SUBROUTINE JUMP (MB, N)
*INSERT .IjuP.16
*CALL CCOWL
*DELETE JUMP.26,JUNP.26

SO aswimB)
PON 1.0
ETAP B ZEMS8)
SIP o PMIfMBJ / B(MB)
IF (N *EQ. 1) 60 TD 40

C ... OOWL SURFACE.
Dep a CPIIIOEMaB / COEMBI CPNI(mBJ CMeNB
DBZ " CZO(MBI - CZ(NB)
SO a SCEMBI
IF (N *EQ. 1) WRITE(JJJJJ,3130JB(MB),BZ(MB),8P141(MB).OBPDBZ.HOT2
IF IN *6T. 1) WRITE(JJJJJ,3131)CImB).cU~mB).CpNI(M),DBPDZIIDT2
P0OM a -1.0
[TAP a CZ(MS)
SIP a CPNI(MB) / CIMS)

40 CONTINUE
UW a U(NoMB)
Vo a V(NONS)
WW W(N*Ms)

DV a DN.MB)

ASQW a ASQ(NMS)
'DELETE JUMP.32
*DELETE JUMP.49

IF IN *EQ. 1) IJUMP1(MB) x 2
If (N SGT. 1) IJUMPICime) a 2

*DELETE JJNP.SS
IF IN *EQ. J) 1JUMPJims) a 2
IF IN .61. 1) IjuMPIC(mu) x 2 -

*DELETE JUMP.57
10 CONTINUE SUBROUTINE JUMP

IF (QSM*POM *LT. 0.0) GO TD 20
'DELETE .UNP.62

ICFL m I
If IN *GT. 1) 60 TO I5
IJUMPlEMS) a 3
IJMPKI(TMB) v I
0O TO 100

15 CONTINUE
IJUMPIC (MB) a 3
IJNPKTCINB) a I

'DELETE JUMP.66,JUMP.68
IF (N *GT. 11 60 TO 22
IJUNPIIM) a 4
IJMPKT(HB) m I
GO TO 23

2a CONTINUE
IJUMP1C(MB) a 4
IJNPKTCIMB) a I

23 CONTINUE
CALL COMP (THETAR. AMACH. PWP DV. SD* 05W, QSP, 01, ASGW9 XUK)

106 CONTINUE
D(N,NB) a DW
P(NMB) 0 PV
ASQ(N91MB) a ASOW

'DELETE JUMP.709JUMP.72
IF IN *EQ. 11 SWIMBI a SO
IF (N *OT. 11 SCINVI a SO
VIN*MBI a AA2 * (XNP2 'SIN - XNNP 'SIP) -AAI 0 DSZ
UIN#.MS) a AAI * X72 # AA2 * (XNMP -XNP2)
W(N#MB) v AA1 # DSP # AA2 * IXNP2 ETAN" XNMP * [TAP)

*01ELIKTE JUNP.769JUMP.7T
WRITE IJJJJ,31201 PW.OW.U(NMB) ,V(N.MB) ,W(NNS) ,SOASQ(N.MB)
CUf),NvNS) a ALOG (II(N91MBP)
cU)(241N9"Sl m SO
CAI(3.N.MU) a VINOMB) # SIP * U(NMB)

*INSENtT .UMP.64
3131 FORMAT (114 922NCCZCPIIIDBPDBZ,140T2,1P6E1S.S)
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*INSERT OUT.6
*CALL CCOWL
*INSERT OUT.SI

UNITE 1231 Z. NPP2MIo (PS(M). Nmu1.NP2MiI
OINSERT OUT.71

If (ICOUL .EO. 0) 00 TO 050
C
C ... 1NIS SECTION OUTPUTS PRESSURES AT ThlE COWL.
C

REWIND 16
NPTS *0

MCMX N C
MIP14 a M1 * 14

725 CONTINUE
NPTS a MNTS *I

730 CONTINUE
NCS a M4C
READ 416) NCNCATA.YAUACH.GANMA.PINF.DINF.PNIOKZ,
I (DUN.9 Im1.123. (P111(M), DUN, DUN, DUM, MaleNP2Ni).
2 ((DUN. DUMP DUNP DUN. PIIIM). DUN. Mxi.NP2NI)* NOI.NC)

IF (COF (16)) 840, 7S0
750 CONTINUE

N42 a NINO INC. M1P141
If 4042 LT. Ni1) 60 TO 730
IF IMC MNE. NCS1 NPTS a I
If (NOD0 (NPTS-i. 53) *NE. 0) 60 TO 775
WRITE (6, 3000) ACh, ATTAs YAW, 10
IF (IPCID *EQ. 0) WHITE 46 , 3S201
IF (IPCID WNE. 01 WRITE 46 , 35251
DO 760 N a N1 9 042

PH11M a P11() / HAD t~
766 CONTINUE SUBROUTINE OUT

WRITE 46 o 3030) (P111(N). MONiM2)
UNITE (6 , 3040)

775 CONTINUE
DO 762 N a MI s NZ

P3(N 111 PBIM) / PINF
758 CONTINUE

IF 4IPCIO *EQ. 1) so TO 000oo
UNITE 46 , 30S0) ZZ. (P8009. N=141902)
so TO 025

606 CONTINUE
DO BID N a "I q N42

P3(M) a IP3(N) - 1.01 / CONTI
I16 CONTINUE

UNITE (6 9 3055) ZZ9 (PG(M). 0M01i1912)
025 CONTINUE

If (MI .O7. 1) 60 TO 725
NCNOX a NAxe IMC. NCMA)
URITE (243 Z. MP2MIo IP1(N), Mai.MP2Mi1)
SOTO 725

040 CONTINUE
III a MI * IS
IF ("I .8T. MCMX) so TO 850
NI1i a I * 14
NPTS a 0
REWIND 16
00 TO 72S

050 CONTINUE
"INSERT OUT.262
3520 FORMAT f1N093SX941C 0 U L P R E S S U A E N A T 1 0 0)
3525 FORM4AT (i110.#30X99C 0 W L P N E S S U N E C

* OC 0 E F F I C I E N T401
09EFORE PRINTST.19
*CALL CCOWL
'DELETE PRINTST.26

I ICOWL. NSFD, NSGO
*INSERT PNINTST.33

!F(ICDUL.EQ.I)VNITE (6 , S023) ISMSMOC. ISVMODC9 MODIC9ICDUDPT
'INS6RT PINTST.94

8 9X.' ICOWL a*s'I14viOXv*(OUTER BOUNOARY DEFINITION. l.UALL9Oa'

*INSERT PNINTST.157 SUBROUTINE PRINTST
S023 FORMAT 4fill* S1 411"".9 9 COWL OPTIONS'. 4N1"", //9

1 9x.' ISUSNOC a *9I6.IOX90(ISUSMOC a I -ENTROPY EXTRAPOLATION,
S0-STANDARM49/9
2 OX.' ISUMODC a *.I69iOX90(FORM OF BOUNDARY CONDITIONS- 0 m 14A9
S519. 3 0 14CoiSCI',/t
3 9X.' MODIC a *9IS91OX90(ORDEN Of ACCURACY- 0u1ST ORDER. 1.2ND
$ORDER UNTIL COWL DISCONTINUITY ENCOUNTERED)**/*
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4 9X.* ICOWOPT - *,16,IOX.*(COWL NORMAL DERIVATIVE CONTROL- 0"* SUBROUTINE PRINTST
S 'STANDARD.lwMODIFIED FOR 4 STEPS)e)

'INSERT RADIUS.T
'CALL CCOVL
DELETE RADIUS.20 SUBROUTINE AIUS

IF (ICOWL *EQ. O) CC a CU(INCM) - B(M) }
IF (ICOWL *EQ. 1) CC - CIN) - B(M)

"INSERT READIN.10
'CALL CCUwL
*INSERT READIN.34

6 , ICOWL. ICOWOPT, ISWNODC, ISWSMOC, MODIC
*INSERT WEADIN.0l"

ICOWL a O -SUBROUTINE READIN
ICOWOPT a 0
ISW*OOC = 3
ISWSMOC - 0
MODIC a I

'INSERT READIN.157
KFACI - 1

'INSERT REZONE.16
'CALL CCOWL
'INSERT REZONE.b8

IF (ICOWL .EQ. 1) CALL COWL (-I) -SUBROUTINE RE70YE
IF (ICOWL .EQ. 1) G0 TO 65

'INSERT REZONE.T8
61 CONTINUE

I&INSERT SAVE.10 -- SUBROUTINE SAVE
*CALL CCOWL
* INSERT SHOCK.14 Th- SUBROUTINE SHOCK
*CALL CCOWL
*INSERT TRANF.IT SUBROUTINE TRANF
*CALL CCOWL T
'INSERT STEPS.20
C.....AT LAST STEP, MAKE SURE ZuZEND.

IF IZ#DZ *LE. ZEND) 0 TO 204
DZ a ZENO - Z
Z a ZENO SUBROUTINE STEPS
IF IOZ *LT. 1.E-41 OZ a I.E-4
60 TO 205

204 CONTINUE
*I WALL.140
'DECK WALL2

SUBROUTINE MALLZ(L*MoJRgJLoJSGoPZtSZ*V2Z)
C
C WALL2 COMPUTES PREDICTED OR CORRECTED Z DERIVATIVES OF
C P. V29 AND SIENTROPY) USING CHARACTERISTIC COMP. RELS.
C V2 IS VEL. COMP. TANGENT TO COWL V2=V*(CPmI/B)*U
C V2CfJ)o SCYIJ)* VOCYIJ)p AND PCYIJ) ARE COWL VALUES OF
C V2, S, V/W AND P RESPECTIVELY. CONTROL INTEGERS IN ARGUMENT ARE
C L , s0 FOR PREDICTOR AND I FOR CORRECTOR
C M 9 Y PLANE
C JR9 STORAGE LOCATION OF RIGHT SIDE DIFFERENCE QUANTITIES
C JLP STORAGE LOCATION OF LEFT SIDE DIFFERENCE QUANTITIES.
C JSGe STORAGE LOCATION OF M PLANE FOR DIFFERENCED QUANTITIES.
C JR AND JL ARE LINE IDENT. INDEXES FOR Y DIFFS.
C JSGsI,2o3 LINE INDEX FOR TRANG AND COWL PARAMETERS
C IF=192 LINE INDEX FOR TRANF PARAMETERS
C THIS VERSION OF WALL2 CONTAINS SEVERAL OPTIONS FOR COWL B.C.
C ISUSMOC NE 0 MEANS COWL ENTHOPY EXTRAPOLATION
C MODIC a 1 MEANS SECOND ORDER ACCURACY
C ISWNMODC 0 0 MEANS NOD 0 FOR COWL B.C. SUBROUTINE WALL2
C u 3 MEANS MOO 3 FOR COWL b.C.
C THIS ROUTINE CONTAINS SPECIAL FLATURES AFTER A JUMP (new)
C IJUMPIC(M) a 0 MEANS NO JUMP ON LINE
C IJUNPICIM) NE 0 MEANS JUMP HAS BEEN CALLED ISEE JUMP)
C IJUMPICIM) 2 a MEANS NO SECOND ORDER ACCURACY
C AND NO ENTROPY LXTRAP. IF A COMPRESSION JUMP
C AND MOD 0 FOR COWL B.C.
C
'CALL CSwINT
'CALL CCUNST
*CALL CCOvL
'CALL COECODE
'CALL COOPT
'CALL CEVAL
'CALL CSHOCK
'CALL CSTEPS
'CALL CTRANF
*CALL CTRANO
*CALL COALL
'CALL CAAYYZZ

* C
DIMENSION OCGYiIICONTIO0'
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DATA ICONT/IS:0O/
KNOOIC a MODI

CZN a CZN)
CP140 a CPHI (M) CH

YZJYZ I JSO)
ARNUXA (NCJSOI

UW U (NCNI
MW W(NCN)
PM DIPNC.ND

ASQW aASQlNC9MP

IPOR *YPHIJ / CM
* sonMw*YZJ#YPNIJ*VOA
*PX (PW - PINANP) *ODA

ET 1 W :** - ASQW
CDUN4Pu(ETA*41..CPNOS*02) .WW*CZNI**2)/ASQW
IF ICOUMP .GE. 0.1 GO TO 1001
CALL DMPSQRT(SNMALL2,IZKNNCCDUNP)

1001 BETA a -SORTfCOUhP)
ALAN a *5GW * (BETA - CZM) / ETA

*DU4 aVW #CPOO *UW
*AAA a -UNOR(NAvJSO) * OD
* OSY-(SCY(JR)-SCY(JL))IDDY

V2Yu(V2C(JRP-VZCiJL) )*OUY
IF (IJUMPIC(M) *EQ. 0) GO TO 20 -

IF (IJUNPICIN) .1Q. 2) 60 TO 15
IF IL *EQ. 1) 60 TO I0
IF (IJUNP1C(M) *NE. 3) GO TO 210
IF (IJMPKTC(M) *GT. NjNPKT) GO TO 230

* IFAC a NJNPKI

216 CONTINUE SUBROUTIINE WALL2
IF (IJNPKTC(M) .61. NJNKTC) GO TO 230
IFAC - NJNXTC
IF (ICFL*KCFL *NE. 0) 60 TO 215
IJMPKTCIM) a IJMPKTC(N) *KFAC

* 211 G TO 10
25CONTINUE

* IJMPKTC(MP a IjMPKTCIM) I
GO To 10

*230 CONTINUE
IJUNPICIM) - 2
IJMPKTC(M) a 0
GO TO 15

It FAC:FLOAT(JJMPKTC(N)-I)/FLOAT(IFAC)
PA *FAC aPA
AA . FAC AAA
WRITE ILLLLL920021 2. N, Lt FAC

15 CONTINUE
* MOICG
*ISWMOOC - 0

ICONT Cm) ICONT (N) .
IF (ICONTIN) *EQ. 1) WRITE (LLLLL#2000) Ze NODiC. ISWMODC, H

20 CONTINUE
IF (ISVMODC .EQ. 31 GO TO 25
~OMOY a (VOCYIJR) - VOCYIJL)) * DDY
PY a (PCY(JR) - PCY(JL)) OD00
DUNN w (CZN / CM * YPOH OVOWY) * W
DUN a 8 *WW /ASOW- YZJ
PZ23sALAOOUM.Czmoyzj*YPORCPHOB) PY
I -OWWO(98*(Cb(JSG)*VOWC34JS6))
2 -ALINO(OUN4M.(TF6(NCJSG)TG6(JSG)OWWVOROT7NCJSG22
V2Z23 4IS@EV2Y-UWOC3(JSG) P4YPOR*PY/DW)/MW
Go To 50

*25 T05jnT65(JSG)
DO 40 1=194

*OC0YgfiuC(I.NC.JR)OETY(NC.JR)-CG(I.NC.JL)ODETY(NC.JL))ODDY
46 CONTINUE

CElOMO CUMICN.TG5J.S.TF64CNC ,JSGO MMTF7 (NC JSG2 'VON P
DUMI m 4765J 9 YZJ # TG6(JSGI) PW
DUM2 a ITGSJ * YPNIJ * CPHOS) *PM / CM
QSQ=WWOO2#VW**2*UW**2
OUN43aUWOOCGYC3)-QSQUOCOYCIIIWWO(OCGY(2)aOUNI1) VMOCDCGY (4) .0uM2)

C *0 TEEUTO O ~ IS VALID FOR PERFECT GAS ONLY **

AK 1.-OW/ (ASQ00GS)
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PZ23.ALAM*uW.ICEI..DCSY(lD .XK1*DUM3/OWI
I .(CZM-ALAN*(DCY()DUM)-DCGY(31.CPO(DCGY(4).DU2
V2Z233(CPHOB*DCGY(3)-DUN4400CGY (1).0CGY4)DUM2)IDWW

SO PZnALAkOXRW'PX- (DWW* (ALAM'AAA-WW*CT (JSGI
I -VW.C4 1.5) .DUM44*VOW/CM) .PZ23) /BETA
V2ZEUW'C44JSG5) -VOR*CZM-VZZ23
IF (HODIC *NE. 11 60 TO 90
If (L .EQ. 1) Go TO 80
PXX m (-2.0 * PINAM) * P(NC29M) *PW * DDX
AAXX m (-2.0 * UNOR(hAJS6) * UNOR(NC2,.JSG)1 DO00
PZCORC(M) .ALAM* (XRW0PXX-OWW'AACX/BETAI
60 TO 90 A

at PZUPZ.PZCOAC (Mi
90 IF (M .01. ISWSMOC) 60 TO 100

CALL R6AS(PENC2,M) ,D(NC2vN) ,SW394)
CALL RGASfP(NA9M) ,DENAMD ,5W294)
SZs2.*SW2-SW3
IF (SWZ.LT.Sw3)SZ-.50 SW2*5W3)

CUP2NC*M)uSZFLA(L SUBROUTINE WALL2
SZEO. (new)
G0 TO 125

100 SZu-se*DSY/ww
126 CONTINUE

PZ-PZj'PW
140DIC a K140DIC
ISWMOOC a KSbO0D
IF(IJUMPC(M).EQ.0)6O T0 110
IF(L.EQ.1160 TO 110

WRITE (LLLLL*2001) Z9 M
110 CONTINUE

RETURN
C
2000 FORM4AT (S1. 0 FROM WALL2-- AT Z a *,FlS.79* MODIC AND ISwmODC ARE PE

SRMANENTLY SET 100.214,0 ON PLANE ** 14)
200b FORMAT 45X9 * FROM WALL2-- IN PREDICTOR STEP AT Zu *9 F10.59

1 0 PZ IS SET TO 0.0 ON PLANE., IS)
2002 FORMAT 152, * FROM WALLZ-- AT Z2 *, FJS.7v * AND ON PLANE0. 159

I La L09 I59 0 X DERIVATIVES ARE SCALED BlY *9 F1O.51
END
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APPENDIX C. USER INSTRUCTIONS FOR APPLICATION OF SWINT

TO AN INLET CONFIGURATION

The first step in calculating an inlet configuration is to determine the

flow field at the inlet face. This is accomplished by running SWINT to the

inlet face and saving TAPE17 which contains the final flow field

information. The procedure for doing this with the extended version of SWINT

is identical to that for the original version and is described in Reference

2. The output differs from that of the original SWINT in two respects: (1) a

PTO/PTINF column has been added to the flow field output which is the ratio of

the local stagnation pressure to the freestream stagnation pressure; (2) The

program stops exactly at z = ZEND rather that at the first step greater than

ZEND.

Interface Program COWLI

The COWLI program rezones the flow field to lie between the inner body

and the cowl. In addition, the inlet plane parameters described in Section

2.2 are calculated. This program is applicable even when the inlet or

portions of it lie outside of the flow field generated by SWINT at the inlet

face. At points outside of the SWINT generated flow field, freestream

conditions are assumed to exist. It is also possible to use COWLI to generate

a starting flow field for external calculations downstream of the inlet lip,

even in cases where the bow shock lies completely within the inlet

To run the COWLI program the flow field at the inlet plane generated by

SWINT must be attached as TAPE1 and relevant quantities in namelist INPUTS

must be defined:
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BNEW,BZNEW,BPNEW- Inner wall boundary of the computational domain b( ,z)

and its derivatives b ( ,z) and b (0,z) . (See Figures
z

1,2)

CNEW,CZNEW,CPHNEW - Cowl or shock surface description c( ,z) and its

derivatives cz(0,z) and c (0,z). (See Figures 1,2)

IBODY Controls conditions prescribed along inner boundary.

0 - inner body shape is not changed. BNEW,BZNEW,BPHNEW

need not be specified.

1 - inner body shape is changed to BNEW,BZNEW,BPHNEW,

which must be specified. Interpolated flow values at the

wall are turned tangent to the surface using an oblique

shock or Prantl-Meyer expansion.

2 - Same as IBODY = 1, except wall properties are also

assigned between the body and shock. The outer boundary

is assumed to be a shock with cz calculated from the shock

or Mach angle occuring at the

wa~cb + (c - b)and cb
walcz Z b

ICOWL Controls the conditions prescribed at the outer boundary

and the type of surface (i.e., shock or cowl).

0 - outer surface geometry is not changed and

CNEW,CZNEW,CPHNEW need not be specified.

C-2
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1 - outer surface is a cowl with description 0

CNEW,CZNEW,CPHNEW. Interpolated flow values at the cowl

are turned parallel to the cowl surface.

2 - outer boundary is a Mach surface. The user specifies

CNEW,CPHNEW and CZNEW is computed.

DDZ Distance from the cowl lip at which calculation is

started. Specified only when IBODY - 2.

RCLUST Controls radial distribution of mesh points. Default is a

uniform distribution. For other cases enter (r-b)/(c-b)

for each radial plane starting at the body and moving

towards the outer boundary. The same radial distribution

is presumed on each constant , plane.

AREA Reference area used in calculating induced load

coefficients. Default is the inner body cross-sectional

area at the inlet entrance plane.

IPRINT Controls the amount of printed output

0 - print only inlet plane flow field parameters.

(i.e., Eqs (4) and (5))

1 - (default) IPRINT - 0 output plus final rezoned

flow field.
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2 - IPRINT I 1 output plus initial flow field from

Tape 11. S

3 - IPRINT = 2 output plus Jump subroutine messages.

To apply the interface program to an inlet geometry, options

IBODY-O/ICOWL-1 or IBODY-1/ICOWL-1 are used depending on whether the innerbody 0

slope or surface is discontinuous at the inlet face plane. Three additional

modes of operation are IBODY-2/ICOWL-O,IBODY-I/ICOWL-2, and IBODY-I/ICOWL-O.

These options are designed to facilitate restart of an external calculation S

downstream of the inlet lip. The first,IBODY-2/ICOWL-O is applicable when the

bow shock lies completely inside the cowl. Slightly downstream of the inlet

lip, the flow values obtained by turning the free-stream tangent to the COWL S

outer surface provides an estimate of the local flow field. An alternative

approach for handling this situation which is also applicable when the bow

shock is only partially within the inlet is accomplished with S.

IBODY-I/ICOWL-2. Here the outer edge of the computational domain is defined

to be a Mach surface. As the SWINT calculation proceeds downstream from the

lip, the shock or Prandtl-Meyer expansion generated at the body surface by

IBODY-1 propagates into the flow field and merges with the outer Mach

surface. The final option, IBODY"./ICOWLO0 duplicates the function of the

INLET subroutine of SWINT.

The output from COWLI consists of Tape3 which is the restart file for

SWINT and printed data. The amount of flow field information printed is

controlled by the parameter IPRINT and the output flow field quantities are JL__

designated using the same headings as found in SWINT. The items printed under

the heading "inlet plane flow field parameters" are described in Section

2.2. The induced force coefficients are followed by a value labeled force A-

error. This number Is the percent discrepency obtained by calculating the

C-4
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forebody loads using direct pressure integrqtion as opposed to Equations (5).

Applying SWINT to Inlets

The extended version of SWINT is applied to an inlet configuration in a

manner similar to that described in Reference 2 for external configurations.

Several additional variables must be prescribed along with a description of

the geometry of the cowl.

The cowl geometry is described in a manner analogous to that used to

describe the body. The quantities c,cz, ,c ,czz ' ,and coo must be specified

using fortran statements inserted at the indicated locations in subroutine I .

COWL of SWINT. As an example, consider a circular cowl starting at z - 1 with

a radius of 2 and an outwards angle of 7' relative to the missile axis for

z 1. The necessary statements describing the cowl are:

c = .12278456
z

c - 2. + (u-l)*c

c z  c 4 c -c 0

The final statement is not required since default derivative values are 0.

The additional variables which control the computation of the cowl

surface are specified in namelist INPUTI:"

ICOWL 0 if the outer boundary is a shock and 1 if the outer

boundary is a wall.
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ICOWOPT 0; cowl slope and surface is continuous at starting plane.

1; A cowl slope or surface discontinuity occurs at the

starting plane. This results in the cowl surface normal

derivatives being modified for 4 steps.

MODIC Controls order of accuracy of cowl boundary conditions.

0 - first order, 1 - second order.

ISWSMOC Controls application of entropy extrapolation at cowl.

Extrapolation is applied on planes M<ISWSMOC

ISWMODC Controls form of cowl boundary equations:

0 - Form 2A and 3A (Analogous to 14A and 15A of Ref. 2 for

centerbody)

3 - Form 2C and 3C (Analogous to 14C and 15C of Ref. 2 for

centerbody)

The variables MODIC, ISWMODC and ISWSMOC are analogous to the body

variables MODI, ISWMOD and ISWSMO respectively. Recommended values for these

parameters are discussed in Reference 2.

The output from a run for an inlet configuration differs from an external

flow field calculation in the following respects:

1. At each plane where the flow field is printed, PTAVR/PTINF is

calculated which is the area weighted average of the recovery

pressure divided by the free-stream recovery pressure.
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2. At the completion of the calculation, the cowl pressures are

printed.

3. The force and moment coefficients represent the integration of

pressure over both the centerbody and cowl surfaces, but do not

include induced loads.
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APPENDIX D. SAMPLE RUN .0

This appendix illustrates the application of the extended SWINT code to the

inlet configuration shown in Figure D-1. The initial flow field was calculated at

z = .1 using the approximate conical starting program START which is described in

Reference 2. The data cards used for this run are:

SINBUTS
NC 3 19.
NO 3 13.
ADM u 3.39
ATTACK a 3.09
B(1) a 0.0176339
Z s 0.1.
ZS U 0.1.

SEND

This program generates TAPE3 which is the SWINT starting tape.

Using the extended version of SWINT with the errata update file, the flow field

was marched from the starting plane at z=.l to the start of the cowl which is locat-

ed at z f 3.216. The errata update file is as follows:

*IDENT ERRATA
ODELETE EOE.134,EDeE.135

DUN a 0.0
CALL JUNPF (I. No N. DUN)
IF INN .NE. N) CALL JUMPF (129 No N, DUN)

*DELETE EDbE.76
1 ASS (PN41(N) - PNI(NP) * 0.35 / PINF)

*INSERT FRINGE.16
INI) & 81142)

BZ(MN) B SZ(N21
BZZ(MI) B SZZ(H2)
BZPNI(NI) B *ZPNI(N2)
OPNI(N1) PHI(N2)
SPNPNZ(NI? a BPNPNI(142)

*DELETE REZONE.4S*REZONE.46
*INSERT REZONE.40

OX * 1.0 / FLOAT (NA)
ODX * NA

*INSERT FIELD.31 ,
IF (IFIN COQ. 0) 60 TO 16

*INSENT FIELD.38
10 CONTINUE

*ODLETE INTES.41INTEG.43
OTHETA * TI(1291) - TM(1)..
IF IN ' E1 - IDYAN) *EO. 21 DTHETA - 2.0 * TN(I.1)
IF (N ( fi - IDYAW) ,EQ. NPI) DTHETA - 2.0 * (PHIO - THIl,1))

*DELETE TRANGO.27,TRANO.30
6 CONTINUE

DY * 1.0 / FLOAT (NSGO)
SOON2 a SOD(NSOD) - 1.0
SOO(!) a SGO(NSOOPI) - 1.0
SOOP2 a 1.0 * S6013)
SODiNSGDP2) w 1.0 * SGO(2)

ODELETE SMOCK.68
DCUZI!) a (FACI 0 DOX * FAC2 * DDY * CESII)) / PINF

ODELCTE FRINOE.3S
PYY IPINeN) - PINNP)) , (PHI(M) - PNIINP)) I PINF

*INSERT FRINOE.26
R(NONI) R AiNON2)

D-1
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*DELETE OUT.200.OUT.211
CYxXKOOFY
CNXK1(M * FYI
CMY.X,IO(:Y - ZC*FN,,
CNZBXI* N2

*DELETE OUT.214,OUT.215
IFICN.NE.0) XCPPzZCIZREF *CNY/CN # Zo.'ZREF
IF(CY.NE.@) XCPY=ZC/ZREF -CMX/CY # Z0/ZREF

OELFTE FEVAL.41
SF(6)=RV *(COSPP*SF(5)*SINPP*SF(1))

*DELETE REZONE.0 A
*DELETE REZONE.02

The configuration geometry was described using the following update deck:

center-body:

OIDENT PRESSLY
90 sorn.

REAL XWC(100).YIIC(1001,ZSAVE(3),8SAVE(3)
DATA XMC/'0.09 4.0. 4.1, 4.2, 4.3, 4.4. 4.5, 4.55, 4.6, 4.65.
1 4.7. 4.8, 4.9. 5.1. 5.3. 5.5, 5.6, S.79 5.8, 5.9. 6./
DATA YNC/0., .70532v.*7228, .7387. .75129 .?S9# .762S9
1 .763P .7625. .7611, .7585P .75049 .7391v.*7129.*6829t .65259
2 .63629 .618. .59739 .5744. .5467/-
DATA KK /0/
NPTSu20
KK=KK. I
ZDIFF=.001
IF (KK.0T.2)ZDWFFBOZ
ZSAVE (1) .- ZDIFF
ZSAVE (2) .2
ZSAVE(3) .Z.ZDIFF
DO 30 JwI3

00 20 Ial.NPTS
171iiXHCI)-ZSAVE(J) )*(ANC(1.1)-ZSAVE(J) ).GT.0.)GO TO 20 tt
FACU(ZSAVE(J)-XIIC(1))/(XHC(II*)-XNCd1) %
SSAVE(J)YC(I)4 (YHC(I1)1-YI4CII) )*FAC
SO TO 30

20 CONTINUE
WRITE (6,2000) Z9ZDIF.ZSAVE

2000 FORMATI*1GEOMETRY OUT OF RANGE ZvZDIFF9ZSAVE *,5E16.S)
STOP"BAD GEORLTRY"

30 CONTINUE
SSZs(USAVfEI3)-SSAVE(l) )/(2.CZDIFF)
iOZZ.(OSAVE(31-2.*BSAVEt2).OSAVEfII 1/(2DIFFeZD1FF)

-1 9GDY.3S
IF(Z.LE.4.)0 TO 16
94N)aBSAVE (2)

022 (N) .8822
o TO 19

10 CONTINUE
SZ4NJ=.I7633
*IN)002 (N)

19 CONTINUE

cowl:
0i COWLADD.S6

REAL ANC(I00),YN4CE100),ZSAVE(3),CSAVE(3)
DATA XMC/2.SSS, 3.1, 3.2. 3.4. 3.6, 3.6. 4.0, 4.1, 4.2, 4.25,
1 4.39 4.4. 4.S9 4.559 4.6, 4.6b, 4.7, 4.0. 4.99 5.* 5.1, 5.6.
2 5.6, 5.9, 6.0/
DATA YMC/1.. 1.004188 1.00549 1.0051, .99996, .9002, .9681.
1 .9S49 .93649 .9261# .91S4, .6949, .8760, .869S9 .8649
2 .069 .6672. .0S339 .65119 .S502, .85t .859 .05749
3 .06469 .8735/
DATA 99/0/
NPTS m24
KK0KK. 1
ZOIFF.001
IF IKK.GT.2)ZDIfFmOZ
22.2-. 356
ZSAVE 11)*ZZ-ZDIFF
ZSAVIE(2) .22
ZSAVE (3) uZZ*ZOIFF
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00 30 J-1,3
DO 20 [1.oNPTS

IFI!XHCEI)-ZSAVEIJ))O(XMC(1*1D-ZSAVE(J)).GT.O)0GO TO 20
FACzZSAVE J)-XHCI|))/IXHC(1*1)-XNC(l))
CSAVE(j)=YHCII)*(YHCAI*I)-YHC I) IFAC
Go TO 30

26 CONTXNUE
bRITE(6t2000)Z,ZDIFFZSAVE

2006 FORNAT(*1GEOMETRY OUT OF RANGE Z9ZOIFFZSAVE 09SE1A.61
STOPHBO COWL GEOMETRY"

36 CONTINUE
CCZu(CSAVE(3)-CSAVE())/I2.OZDIFF)
CCZZu(CSAVEI3)-2.CSAVE2) CSAVE(I))/IZDIFFOZ

O
IFF) 4

*1 COWLAOO.73
CEN)aCSAVE(2i
CZ ENJCCZ

CZZ (NI CCZZ

The cards designated as COWLADD.73 and COWLADD.56 are so marked in Appendix B.

The namelist inputs used to make this run were:

S INUT1
KAuROOOtZEND3.216o
iSWNooCuo0NO0oCuosISWNODUOMOD1IO.

SEND
SOUTRD
KOUT11)840.
SEND

Sample output sheets from this run are shown in Table D-1. The restart file from

this run is written to TAPEI7.

To complete the calculation of the inlet configuration, program COWLI is used

to rezone the flow field so that it lies within the inlet. To run COWLI, the restart .

tape generated by SWINT at z = 3.216 is accessed as TAPEll and namelist quantities

must be defined. The data cards used for this run are:

SINPUTS
ICOWLul.CNEWul.CZNEW.0174CPHNE IOe.
1PRINTsO,
SEND

The output from COWLI is shown in Table D-2. The rezoned restart file generated

by COWLI is TAPE3.

The inlet section of the configuration is run using the restart file generated

by COWLI which is accessed as TAPE3. The data cards used to complete this run are:
SINPUTI
ICOWLwI*eCOWOPTa)-
KA=000ZEND=5.2,
ISWNOOC.0,*O0C.0, ISwMO=00NODIBO,
SEND
SOUTRO
KOUT£) O..40.
SEND

The output from this run is shown in Table D-3.
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Z =0.1 Z 3.216 Z=5.2

m, 3.5 INLET CONTOUR DEFINITION

7r r/r Z/r -.356 r/r
aa a a

Centerbody Annulus

0.0 0.0 2.86 1.0

4.0 0.70532 3.1 1.004188
4.1 0.7228 3.2 1.0054
4.2 0.7387 3.4 1.0051
4.3 0.7512 3.6 0.99996
4.4 0.759 3.8 0.9882
4.5 0.7625 4.0 0.9681
4.55 0.763 4.1 0.954
4.6 0.7625 4.2 0.9364
4.65 0.7611 4.25 0.9261
4.7 0.7585 4.3 0.9154
4.8 0.7504 4.4 0.8949
4.9 0.7391 4.5 0.8768

.1 0.7120 4.55 0.8695
53 0.6829 4.6 0.864

5.5 0.6525 4.65 0.86
5.6 0.6362 4.7 0.8572
5.7 0.618 4.8 0.8533
5.8 0.5973 4.9 0.8511a
5.9 0.5744 5.) 0.8502
6.0 0.5467 5.1 0.85

5.6 0.85
5.8 0.8574
5.9 0.8646
6.0 0.8735

Figure D-1. Inlet Configuration Geometry
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